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P19428.A12 Application No. 09/530,580 

REMARKS/ARGUMENTS 

Upon entry of this amendment, claims 1 and 17-19 will be amended, and claims 20-22 will 
be added, whereby claims 1-20 will be pending, with claim 1 being the sole independent claim. 

Reconsideration and allowance of the application are respectfully requested. 

Claim of Foreign Priority 

Applicants express appreciation for the acknowledgment of the claim of foreign priority as 
well as receipt of the all of the certified copies of the priority documents. In order that the record 
is clear, Applicants note that this is a national stage application so that the indication should, in fact 
be that copies of the certified copies of the priority documents have been received in this national 
stage application from the International Bureau. 

Disclosure Statements And Considered Information 

Applicants express appreciation for the Examiner's confirmation of consideration of the 
Information Disclosure Statements filed August 7, 2000 and July 12, 2002 by forwarding initialed 
copies of the Forms PTO-1449 submitted therewith with the present Official Action. 

With regard to the initialed Forms PTO-1449, Applicants note that the Examiner has 
crossed through the three Japanese documents that are cited on the Form submitted on August 7, 
2000, and has indicated that the Japanese documents will not be considered until a translation is 
provided to the Examiner. 
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With respect to consideration of the Japanese documents, Applicants note that the 
Examiner has initialed consideration of the family member U.S. patents, i.e., U.S. Patent No. 
5,340,824 which is a family member of JP 5-50791 8A, and U.S. Patent No. 4,227,915 which is a 
family member of JP 54-151966A, as well as the English abstract for JP 55-15455A. Still further, 
the Notification of Acceptance of Application under 35 U.S.C. 371 indicates that copies of the 
Japanese documents have been received along with the International Search Report. Therefore, the 
Examiner is required to indicate consideration of these documents as having been cited in the 
International Search Report, which is in English. 

In view of the above, Applicants respectfully request that the Examiner also confirm 
consideration of the cited Japanese documents, as required by MPEP 609. For the 
Examiner's convenience, another copy of the Form PTO-1449 is submitted herewith, and 
the Examiner is requested to forward a completely initialed Form PTO-1449 with the next 
communication from the Patent and Trademark Office. 

Still further, Applicants note that the Examiner has cited WO 97/02666 on the Form 
PTO-892. Clearly, this citation is not correct as the document is directed to a different technology. 
It appears that this document should be WO 87/02666 which is cited in the Information Disclosure 
Statement of August 7, 2000. Accordingly, Applicants are submitting this information herein to 
ensure that the record is clear. 
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Response To Restriction Requirement 

The Restriction Requirement has been modified based upon the Election with Traverse 
filed February 2, 2004 and several telephone conversations on April 8, 2004 with Applicants' 
representative Arnold Turk. In particular, the Examiner was concerned that the Restriction 
Requirement was not adequately set forth, and inquired whether the requirement could be modified 
in the Official Action so as to include the elected species in order to advance prosecution of the 
application. Applicants agreed to the Examiner's request to advance the prosecution of the 
application, but requested that the restriction requirement be clarified in the next Office Action in 
order that the requirement can be reviewed and once again traversed. Applicants further note that 
the present Office Action sets forth a new and very lengthy Restriction Requirement wherein 
Group I has been modified to include the elected species and preferred compound elected by 
Applicants. 

With respect to the lack of unity of invention requirement, according to guidelines for 
examining Markush type claims, once a species is found to be allowable over the prior art, the 
Examiner is supposed to examine the next species in the claims. In the instant Office Action, the 
Examiner has not examined the next species. Therefore, the Examiner is respectfully requested to 
examine the next species in the claims in accordance with Patent and Trademark Office practice. 

Still further, at least claim 19 should be examined with the elected species because claim 
19 is directed to the ligand which includes the elected species. 

Moreover, a lack of unity of invention is supported in the requirement by the assertion that 
the substituents vary greatly and that the claims do not contain a special technical feature which 
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defines a contribution over the prior art. The Examiner asserts that WO 01/25200, demonstrates 
that the X-QCR1R2 tail determines the utility of the molecule because when it is changed the 
utility of the compound is changed. The Examiner has not supplied a copy of WO 01/25200, but 
has included on the PTO Form-892 a citation to the Chemical Abstracts of the document. In this 
regard, the lack of unity of invention assertion does not point to any specific disclosure of WO 
01/25200 to support the naked allegations set forth in the requirement. The Examiner is reminded 
that the burden is on the Patent and Trademark Office to establish a lack of unity of invention, and 
a lack of unity of invention has not been established in the instant situation. 

Accordingly, withdrawal of the requirement and a search of each of the indicated inventions 
is respectfully requested. 

Response to Objection To Claim 18 

In response to the objection of claim 18 as being a substantial duplicate of claim 17, 
Applicants note that this claim further defines the medicament composition of claim 1 7. However, 
to advance prosecution of the application, Applicants have amended claim 1 8 to be directed to a 
method for therapeutic treatment of a disease caused or promoted by nerve controlling function of 
a sigma ligand. Moreover, claim 20 has been added directed to a method for preventive treatment 
of a disease caused or promoted by nerve controlling function of a sigma ligand. Accordingly, this 
ground of objection should be withdrawn. 
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Response to 35 U.S.C. 112, First Paragraph, Rejection 

Claims 1-18 are rejected under 35 U.S.C. 1 12, first paragraph, as failing to comply with the 
written description requirement. The rejection asserts that a salt, hydrate thereof and a solvate are 
not the same chemical species as the compound depicted in claim 1 . The Examiner contends that 
in the absence of how to make hydrates and solvates of compounds of formula 1 and, in the 
absence of a delineation of what salts, hydrates and solvates of the compounds depicted in claim 
1 are being claimed, there is no umbrella coverage springing forth from the few examples of salts, 
hydrates and solvates depicted at pages 22 and 23 of the specification. 

In response to this ground of rejection, Applicants respectfully submit that that one having 
ordinary skill in the art would readily understand that the invention includes salts, hydrates and 
solvates of the disclosed compounds. Applicants note that such various forms of compounds are 
within the skill of the art, and detailed descriptions thereof are not required. 

If this ground of rejection is maintained, the Examiner is respectfully requested to 
specifically indicate how the description of compounds in Applicants' specification fail to comply 
with the written description requirement, especially when one following the guidance provided in 
Applicants' disclosure would readily understand salts, hydrates and solvates that are within 
Applicants' invention. 
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Response To Rejection Under 35 U.S.C 112, First Paragraph, Rejection Regarding 
Enablement 



Claims 1-18 are rejected under 35 U.S.C. 112, first paragraph, because the Examiner 
asserts that the specification, while being enabling for X equal to benzisoxazol-3-yl in the 
compound depicted in claim 1, is asserted to not reasonably provide enablement for X equal to all 
heteroaryl groups, Y equal to any heteroaryl groups, or heteroaryl substituted alkyl groups, or R4 
and R5 coming together to form any 5 to 7 membered heterocyclic group together with intervening 
atoms, and does not provide enablement for the use of the compound to prevent or treat any disease 
caused or promoted by the nerve controlling function of a sigma ligand. Still further, the rejection 
asserts that it is also not established in the art to utilized pharmaceutical compositions to present 
disease. 

In this ground of rejection, it is asserted that none of the publications discussed in the 
rejection have the benzothiazoline ring and have not been examined for their affinity for the sigma 
binding site. Moreover, it is asserted that in the absence of a showing of correlation between all the 
diseases disclosed as capable of treatment by the compound of claim 1 and the inhibition of 
Sigma-2 receptor, one of skill in the art is unable to fully predict possible results from the 
administration of the compound of claim 1 due to the unpredictability of the role of Sigma-2 
receptor, i.e., whether promotion or inhibition would be beneficial for the treatment of the diseases. 

In response, the Examiner is reminded that the burden is not on Applicants to establish that 
the claims are enabled, but is on the Examiner to support an enablement rejection using technical 
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arguments . See, for example, "Training Materials for Examining Patent Applications with Respect 

to 35 U.S.C. Section 1 12, First Paragraph Enablement Chemical/Biotechnical Applications" and 

In re Marzocchi . 439 F.2d 220, 224, 169 USPQ 367, 369 (CCPA 1971). 

In particular, it is noted in in Marzocchi , in reversing this rejection, the Court noted that the 

Patent Office should not be concerned with the breadth of the claims per se and that the burden of 

showing lack of enablement is on the Patent Office: 

Turning specifically to the objections noted by the board as indicated above, it appears that 
these comments indicated nothing more than a concern over the breadth of the disputed 

term The only relevant concern of the Patent Office under these circumstances should 

be over the truth of any such assertion. 

As a matter of Patent Office practice, then, a specification disclosure which contains a 
teaching of the manner and process of making and using the invention in terms which 
correspond in scope to those used in describing and defining the subject matter sought to 
be patented must be taken as in compliance with the enabling requirement of the first 
paragraph of 112 unless there is reason to doubt the objective truth of the statements 
contained therein which must be relied on for enabling support. . . . 

[I]t is incumbent upon the Patent Office, whenever a rejection on this basis [lack of 
enablement] is made, to explain why it doubts the truth or accuracy of any statement 
in a supporting disclosure and to back up assertions of its own with acceptable 
evidence or reasoning which is inconsistent with the contested statement. 

Id. at 369-70 (emphasis in original). Therefore, the burden of showing lack of enablement is on the 

Patent Office. 

In the present case, Applicants use language in the specification which is commensurate in 
scope with the claims to describe the enablement of the invention. Moreover, the specification, for 
example, at the top of page 3 indicates that, "These data suggest that the selective sigma 2 ligand 
is useful for the treatment of irritable bowel syndrome." Moreover, the Examples such as page 80 
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show a high affinity for the sigma binding site so that the compounds of the present invention are 
useful as sigma ligands in the therapeutic and/or preventive treatment of various kinds of diseases 
and symptoms in which sigma ligands are involved. 

Still further, Applicants present herewith copies of the following documents, i.e.,, Kinney 
et al., European Journal of Pharmacology 294 (1995) 547-553 and Perregaard et al., J. Med. Chem. 
1995, 38, 1998-2008. 1 Applicants note that Kinney et al. disclose that sigma 2 binding sites may 
be a novel therapeutic target for irritable bowel syndrome, such as discussed in the final paragraph 
of the paper. Moreover, Perregaard et al., disclose that the sigma 2 receptors play a role in 
anxiolytic-like effects, such as at the top of page 2003, the right-hand column. 

Therefore, A pplicants have provided sufficient guidance in the originally filed application 
and the art is of such a nature that one having ordinary skill in the art would be capable of 
practicing Applicants' invention without undue experimentation . Therefore, the claims comply 
with the requirements of 35 U.S.C. 1 12, first paragraph.. 

1 The documents are being submitted in accordance with MPEP 609(C)(3) as part of Applicants' 
reply to the Office Action in support of an argument so that the requirements of 37 C.F.R. 1 .97 and 
1 .98 need not be met, and the information is being submitted as part of the record with the reply for 
the Examiner's consideration with Applicants' reply. 
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It is respectfully submitted that the Patent and Trademark Office has failed to overcome 

Applicants' showing of enablement and has failed to meet its burden of producing evidence or 

sound scientific reasoning demonstrating lack of enablement. Of course, Applicants have not 

disclosed working examples of every compound. To do so would require that the specification 

include a multitude of examples. What Applicants have done, which is in accordance with the 

requirements of 35 U.S.C. 1 12, is to present the concept of their invention, which has been defined 

in the originally filed specification and claims, and to provide representative examples, so as to be 

in compliance with the best mode requirement of 35 U.S.C. 1 12, first paragraph . Thus, not only 

have Applicants provided a broad description of the intended parameters of their invention, but 

have also described working examples of their invention . 

Applicants are entitled to claims that is commensurate with their invention. As stated in In 

re Angstadt and Griffin , at page 218: 

Appellants have apparently not disclosed every catalyst which will work; they have 
apparently not disclosed every catalyst which will not work. The question, then, is 
whether in an unpredictable art, section 1 12 requires disclosure of a test with every 
species covered by a claim. To require such a complete disclosure would 
apparently necessitate a patent application or applications with "thousands" of 
examples or the disclosure of "thousands" of catalysts along with information as to 
whether such exhibits catalytic behavior resulting in the production of 
hydroperoxides. More importantly, such a requirement would force an inventor 
seeking adequate patent protection to carry out a prohibitive number of actual 
experiments. This would tend to discourage inventors from filing patent 
applications in an unpredictable area since the patent claims would have to be 
limited to those embodiments which are expressly disclosed. A potential infringer 
could readily avoid "literal" infringement of such claims by merely finding another 
analogous catalyst complex which could be used in "forming hydroperoxides". 
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As in In re Angstadt and Griffin , Applicants have provided sufficient guidance for one 
having ordinary skill in the art to make and use Applicants' invention without undue 
experimentation. Applicants are not required to provide working examples of each of their 
compounds, to show treatment of each disease or to provide the theory behind each treatment. In 
the instant situation, Applicant has provided sufficient guidance for the claimed invention to 
enable one having ordinary skill to make and use the same, and the enablement rejection should 
therefore be withdrawn. 

In view of the above, Applicants respectfully submit that the claims are enabled, and the 
enablement rejection should be withdrawn. 

Response To Rejection Under 35 U.S.C. 112, Second Paragraph 

In response to the rejection of claims 1-8 are rejected under 35 U.S.C. 112, second 
paragraph, as being indefinite, Applicants respectfully submit the following. 

Applicants respectfully submit that the claims definitely recite Applicants' invention prior 
to the instant amendment. However, in an attempt to advance prosecution of the application, the 
claims have been amended herein. For example, claims 1,17 and 19 have been amended to more 
clearly recite the salt, hydrate and solvent thereof using alternative language. Claims 17 and 18 
have been amended to utilize pharmaceutical composition language and to avoid use of substance 
as suggested by the Examiner. 
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Regarding composition claim 17, Applicants respectfully submit that the claims is 

definitely directed to a composition that includes the recited compound, or a salt thereof or a 

hydrate thereof or a solvate thereof as an active ingredient. 

Moreover, regarding claim 1, Applicants respectfully submit that one having ordinary skill 

in the art would readily understand the meaning of "with other intervening atoms 5 in that 

intervening atoms can be present. Therefore, if this ground of rejection is maintained, the 

Examiner is respectfully requested to more clearly point out what is considered to be the 

indefiniteness associated with this language. 

Accordingly, this ground of rejection should be withdrawn. 

CONCLUSION 

In view of the foregoing, the Examiner is respectfully requested to reconsider and withdraw 
the objections and rejections of record, and allow each of the pending claims. 

Applicants therefore respectfully request that an early indication of allowance of the 
application be indicated by the mailing of the Notices of Allowance and Allowability. 
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Should the Examiner have any questions regarding this application, the Examiner is invited 
to contact the undersigned at the below-listed telephone number. 



July 21, 2004 

GREENBLUM & BERNSTEIN, P.L.C. 
1950 Roland Clarke Place 
Reston, VA 20191 
(703)716-1191 



\y submitted, 

IER, et al. 




iernstein 
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Site-mediated inhibition of electrically evoked guinea pig ileum 
longitudinal muscie/myenteric plexus contractions 

Gene G. Kinney # ( Eric W. Harris, Ranjit Ray, Thomas J, Hudzik 
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Abstract 

Functional and binding studies were performed in order to characterize the relative efficacy and affinity of a nutnber of 
compounds that bind to & sites. The ability of v site ligands to inhibit electrically evoked contraction of the guinea pig ileum 
longitudinal muscie/myenieric plexus preparation w*s compared to the affinities of compounds for cr, ,itcs (assessed by 
displacement Of [ 3 HK + )-pctitazodne) and <r r sites (assessed by displacement of [ 3 H]l P 3-di^-toiy]guanidmc (DTG) m the 
presence of 5 *tM dextromethorphan). It was shown that the rank order of potencies for suppression of electrically evoked 
contractions of guinea pig ileum perfectly matched the rank order of affinities of these compounds for the ^ binding site, while 
correlating poorly with the <r t binding site, In addition, no significant correlations were found between the efficacy of lb* teslcd 
compounds to inhibit contraction of the guinea pig ileum preparation and previously reported affinities for muscarine, dopamine 
D "or MK-801 binding sites, Thus, the present study represents the first functional bioassay selectively sensitive to agents 
interacting with the cf 2 receptor subtype binding site, and provides a means with which to further elucidate the functional role of 
a 2 sites, 

Keywords; <r Binding site; Smooth muscle; Ileum; a Receptor subtype; {Guinea pig); (Rat) 
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h Introduction 

cr Binding sites were first postulated in 1976 as a 
subtype of opiate receptor (Martin et al, 1976). <r Sites 
were later identified in the guinea pig brain using 
radiolabeled /vVaUylnormeta^ocine (SKF-10,047) (Su, 
1982), and more recently using hatopcridol (Contreras 
et ah, 1987), 3-(3-hydroxyphenyl)*A'-(l-propyl)piperi- 
dine <( + )-3-P.PP) (Gundlach et al., 1986), jV.A/'-dKo- 
toIyl)guanidine (DTG) (Weber et al., 1986), and ( + )• 
pentazocine (De Costa et al, 19S9). These studies have 
found that cr sites are widely distributed throughout 
the brain and periphery leading to speculation that this 
system may play a role in psychosis (Su, 1993; Walker 
et al, 1990), motor dysfunction (Matsumoto et al, 
1989, 1990; Walker et al, 1990), emetic processes 
{Hudzik, 1991), and hepatic (Musacchto ct al, 1988; 
Walker et al. f 1990), endocrine (Su et al, 19SS; Walker 
et al, 1990; Wolfe et al., 19$$), and intestinal functions 
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(Campbell et aU 1989), However, relatively little is 
actually known about the functional significance of this 
binding site. 

Some of the confusion surrounding the functional 
significance of cr binding sites may, in part, stem from 
the existence of at least two (Gundlach et al, 1986; 
HeUewell and Bowen, 1990; Vu et al., 1990; Walker et 
al, 1990; Wolfe et at, J9SS, 1989) and possibly three 
(Meyers et al., 1994), Subtypes of a binding sites. A 
second a binding site was first identified in PCI 2 cells, 
a cell line derived from the rat adrenal medulla (Bowen 
and Hellewell 1988). In this study it was shown that <r 
site ligands showed affinities for a a site in a rank 
order of potency which differed From the profile seen 
in the guinea pig brain (Bowen and Hellewell, 198$). 
These sites were later classified as <r z binding sites 
(Hellewell and Bowen, 1990). It was soon shown that 
cr, and cr 2 sites exist in both the brain and periphery in 
a wide variety of species (Gundlach ct al, 1986; Vu et 
al, 1990; Wolfe et al, 198S, 1989). Although both cr, 
and <r 2 sites possess high affinity for haloperidol and 
DTG, there are several differences. cr ( Sites are enan- 
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tiosclectivc for ( + )-bcnzomorphans» whereas cr 2 sites 
are enantioselcctive for ( - )-ben2omorphans (Bowen 
and Hellewell, 1988; Hellewell and Bowen, 1990). Fur- 
ther, a { and a 2 sites occur as proteins with different 
molecular weights (approximately 25 kDa and 18-21 
kDa, respectively) (Hellewell and Bowen, 1990). Fi- 
nally, <r, and <r 2 sites have different anatomical distri- 
bution among species. For example, there is a higher 
concentration of o~ 2 compared to cr, sites in the rat 
liver than in the guinea pig brain (Hellewell et al. f 
1990). 

Functionally, it has been shown that electrically 
induced contractions of the guinea pig vas deferens are 
potentiated by compounds with a high affinity for the <r 
site, with (-)-opiates acting more potently than ( + )- 
opiates which is indicative of <r 2 site mediation (Vaupel 
and Su, 1987). However, these results appear at con- 
flict with the results of binding studies using vas defer- 
ens tissue, which showed a oyiike binding profile (Su 
and Wu, 1990). Campbell et aL (1989) have shown that 
cr site ligands decrease contractions of the guinea pig 
ileum longitudinal muscle/myenteric plexus prepara- 
tion induced by electrical stimulation or application of 
5-hydroxytryptamine agonists via a non-cholinergic 
mechanism. While binding data were presented in this 
latter report, no data were presented as to the relative 
affinities of the compounds tested for the cr, versus v 2 
site subtype. Given the clear differences between these 
two subtypes, they may subserve very different func- 
tions physiologically. Thus, the present study examined 
the effects of a variety of <r site ligands on electrically 
induced contractions of the guinea pig ileum longitudi- 
nal muscle/myenteric plexus preparation. In addition, 
the relative affinity of these compounds for both <r, 
and <r 2 binding sites was assessed. 



2. Materials and methods 

2.1. cr Receptor binding assay 

Binding assays were performed using a modification 
of previously described methods (De Costa et aL, 1989; 
Bowen et al., 19SS, 1990). Briefly, frozen male Hartley 
guinea pig (Charles Rivers, MA, USA) brains with the 
ce rebel I a removed were thawed at room temperature. 
All procedures were conducted at 4°C unless otherwise 
noted. The brains were homogenized in ice-cold 032 
M sucrose in 10 mM Tris-G (pH 1 7.4) with a motor* 
driven Teflon-glass hornogenizer in a volume of 10 
ml/g of tissue. The homogenate was centrifuged at 
1000 for 10 min in a refrigerated centrifuge. The 
supernatant was removed and the pellet was resus- 
pended in ice-cold 0.32 M sucrose, 10 mMTris-CI (pH 
7.4, 5 ml/g) and again centrifuged at 1000 Xg for 10 
min. The supernatants were combined and centrifuged 



at 31 000 X£ for 15 min. The pellet was resuspended in 
10 volumes of 10 mM Tris-Cl (pH 7,4) and allowed to 
incubate at room temperature for 15 min followed by 
centrifugation at 31 000 X g for 15 min. The pellet was 
then resuspended in 10 volumes of 5 mM Tris-Cl (pH 
8.0). Just prior to the assay, the suspension was homog- 
enized for 30 s. The cr x assay was carried out in a total 
volume of 0.5 ml* consisting of 5 mM Tris-CI (pH 8,0)/ 
1-2 nM l 3 H]( + )-pentazocinc (15-30 Ci/mM, Dupont), 
0.1 ml of membrane suspension (1.5-2.0 mg protein), 
and' various concentrations of the test compounds. : 



A. 



B. 




1 to 100 

CONCENTRATION (wM) 



10D3 



Fig. 1. A: Effects of < - )-SKF10 l 047 t (-t-VSKFlO^M?, hatopertdoK 
and {-)-sulpiride> respectively,, on electrically evoked contraction of.; 
guinea pig ileum longitudinal muscle/myenteric plexus preparation,. - * ^ 
Compare the concent rati on-dependent decreases in electrically ,) 
cvofecd guinea pig Deum longitudinal muscle/myenteric plexus con-; 
traeltons produced by (-VSKFiO.047 and halopertttol with the lack - 
of effect of (+)*SKF10,047 and (-)-sulpiridc. Scale bars: vertical 
0.5 g; horizontal 1 min. Numbers at the bottom of the tracings 
represent the concentration ipM) of (lie given compound. B: Effects |J 
of (OSKFHMW?, (-^sulpiride, (-^SKF10.047 and halopcridoJ on'|* 
electrically evoked guinea pig ileum longitudinal muscle/myenteric ,k 
plexus contractions. Error bars represent standard error of ibe ^ 
means, Spj 
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Nonspecific binding was determined by including 1EH) 
/xM (4-)-pcmazocirie, Specific binding was determined 
by subtracting the dpm bound in the presence of 100 
MM (-h)-pentazocine from that bound in the absence 
of added ( + ^pentazocine or test compound. After 
16-18 h of incubation at room temperature, the mem- 
branes were collected onto a Whatman GF/B filter 
(Brandell M.-48 Harvester), which was presoaked 
overnight in 0.3% polyethyien inline. Hie assay tubes 
and fitters were rinsed 2 limes with 4-5 ml cold 5 mM 
Tris-CI (pH 8.0) and the filters were counted in a 
scintillation counter after soaking in Ecolume (ICN) 
scintillation fluid for 16-18 h. Protein was measured 
with a BCA protein reagent assay kit (Pierce Chemical 
Co.), using bovine serum albumin as the standard. 

Affinity for <? 2 sites was measured in the same way 
as described for ['HK-f ^pentazocine binding, except 
male Sprague-Dawley rat (Harlan, WI, USA) liver 
membrane prepared from fresh liver was used as the 
receptor source, and [ 3 H]DTG (25-30 Ci/mM, 
Dupont) was used as the iigarid. The reaction was 
carried out in 10 mM Tris-CI (pH 7.4), with dex- 
tromethorphan (5 ftM) included to mask a x sites. 

ICjo values, 95% confidence intervals, and standard 
error of the means (S.E.M.) were obtained using a 
nonlinear curve fitting program (Graph Pad), All bind- 
ing experiments (1-6 experiments per compound) were 
performed in triplicate for each compound tested. 

22. Guinea pig ileum longitudinal muscle / myenteric 
plexus functional amy 

Sections of guinea pig ileum longitudinal muscle/ 
myenteric plexus were prepared as described by Camp- 
bell et al. (1989). Briefly, an 8-10 cm. section of small 
intestine 10-25 cm proximal to the ileocecal junction 
was removed from male Hartley guinea pigs (200-300 
& Charles Rivers, MA* USA) following killing of the 



animal by overexposure to C0 2 . The removed intestine 
was immediately placed in a Krebs solution with the 
following composition (mM): NaCI» 118; KCt, 4.75; 
CaCI 2 , 2.54; MgCI 2f 1.17; NaHCOj, 25.0; KH 2 P0 4 , 
0.93; dextrose, 1 L0. Sections of intestine approximately 
1-2 cm in length were gently stretched ovef a mois- 
tened glass rod and a longitudinal cut was made with a 
scalpel blade, The longitudinal musde/myenteric 
plexus was gently removed using a cotton-tip applicator 
moistened with the Krebs solution. The strips were 
placed in 20 ml organ baths containing the Krebs 
solution at 37.fK37.5°C and bubbled with a 5% CO t 
and 95% 0 2 gas. The strips were placed under a I g 
load and contractility was measured using Grass FT03 
transducers connected to a. Gould 26O0S chart recorder. 
The strips were stimulated a! 0.05 H2 using a Grass 
dual channel stimulator (S88) set at maximal voltage 
(~ 150 V T 1-10 ms in duration). Platinum concentric 
electrodes positioned above and below the strips deliv- 
ered the stimulation current. Following a 90-120 min 
equilibrium period during which the bath was changed 
several times, test compounds were administered in a 
cumulative fashion, allowing a minimum of 5 min be- 
fore additional compound was added to the bath. The 
concentration-effect curves of ( - )-pentazocine and 
(-)-SKF10,047 were determined in the presence of 1Q 
jytM naloxone due to the affinity of these compounds 
for /l -opioid receptors. Hie effectiveness of a given 
compound to inhibit electrically induced contraction 
was measured as the percent change from baseline 
conditions. The concentration of a given test com- 
pound to produce a half-maximal inhibition of the 
electrically induced contraction (1C SD ) was determined 
with a nonlinear curve-fit program (Interactive Statisti- 
cal System) using the mean response of at least 3 
separate trials as the given response for a single con- 
centration. The correlations between 1C S0 values to 
inhibit electrically induced contractions and affinities 



Table I 

Efficacy and affinity values for various a Ugands ( ± S.E.M.) 



Compound 


£?, SEtti binding 


Site binding 


Inhibition of 


8 Muse. Ach. 


* PC? 


* Dopamine 








GPLMMP contraction 


binding 


binding 


binding 




ICjo (itM) 






<TlM) 


(nM) 


(nM) 


l-DTG 


me ±5 


100.0 ± t.7 


5,267 ±0.3S 


3600* 


12000 a 


> 100000 c 


2.BMY*14SQ2 


mx\±2t 


131.0* 13.6 




32100 ' 


> 200000 1 


4000' 


3. Hutoperidol 


33 £0.1 


mi ±33 


5.687 ±0.46 


2700* 


5000* 


1.9 h 


!(-»}. Pentazocine 


251.0 ± 1,7 


345,0 ± 2ft 


5,93 ±0,7 b 


2500* 


MX 


NX 


S. Rimcazole 


7360,0 ±2830 


2 740.0 ±361 


6,253 ±0.4S 


27000 f 


> 20000G f 


$6000 f 




3.4 ± 0.05 


4077.5 ± 155 


16.7*8 ±QM 


&0O.0 c 


\m ' 


> 100000 1 


7.(->-$KFl0,(M7 


8000.0 ± 3 m 


7 763,0 ±150 


19.209 ±4.S b 


NX 


5€50 j 


14000 h 


8. Dextromethorphan 


577 J ±5.4 


14300 ±US0 


41l5S±a53 


NX 


25QG j 


NX 


9- (*)-SKF 10,047 


218.0 ± 13.5 


54633 ±2300 


>100 


N.X 


II70 J 


29000 h 


t0. (-^Sulpiride 


> 1000 000 


> 1000000 


> too 


87CM)0 C 


NT, 


301.0 * 



* Ki or lCsfl. b tested in (he presence of It) jtM naloxone. e Bawen ct -it. (1992). a Contrcras et jvt, 0988). p Coccmi«1 at (1991). r LarseM «t al 
iimi * Mclrzer ct at. U992X * Tarn and Cook (19S4). * Iyengar et al. 0990). ' Murray act* Leid (19S4). NX » not tcsied or not found in 
literature. 
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for binding sites were assessed using a rank correlation 
test and /or the Pearson product-moment correlation 
test. 

2,3. Drugs 

{ + >N-Ally[normeta20cine ((-J-)-SKFl 0,047), (-)- 
Af-allylnormctazocine (( - )-SKF10,047) and rimcazote ■ 
HQ were obtained from Research Biochcmicals Inter- 
national, Natick, MA, USA. Haloperidol, !,3-di^ 
tolylguanidine (DTG) and (- ^sulpiride were obtained 
from Sigma Chemical Co. t St. Louis, MO x USA. ( + )- 
Pentazocine and ( - )-pentazocine were synthesized in 
the Chemistry Department of Fisons Pharmaceuticals 
(now Astra Arcus USA), Rochester, NY, USA. Dex- 
trorrietliofrjhafi and ( ± )^(4-fluorophenyl)4-(5-fluoro- 
2-pyrimidinyl)-l-piperazine*butano! (BMY-14802) were 
generous gifts from Roche Chemicals and Bristol-Myers 
Squibb, respectively. With the exception of DTG, all 
compounds were dissolved in sterile H 2 0 and deltv- 



Q. 

£ 



a 
O 



50.0 



20.0 



10.0 



5.0 - 



r= 0,021 
P> 0.96 



0.001 



0.01 



ered at the concentrations indicated. DTG was first 
dissolved in a minimal amount of dilute tactic acid, 
brought to a pH of 7.0 using dilute NaOH, and brought 
to volume with H 2 0. 



3, Results 

With the exception of O)-SKFI0,047 and 
sulpiride, all of the compounds tested produced con- 
centration-dependent inhibition of electrically induced 
guinea pig ileum longitudinal muscle/myenteric plexus 
contractions (Table 1 and Fig. 1). The most potent 
compounds (DTG, BMY-14802, haloperidol and 
pentazocine) were compounds with high affinity For the 



iff 



tr 2 binding site (IC 50 values = 0,1-0345 >xM) f but not 
necessarily high selectively over the o-j site. The ratios 
of a 2 /cr, binding for DTG, BMY-14802, haloperidol 
and (-^pentazocine were 0.73, 0.44, 92.2 and 1.3S, ||§ 
respectively. The rank order of compounds to inhibit 



0.1 1 
o 1 Site Binding AffirtirY (IC^; \M) 



100.0 



S 
o 



a. 
O 



10.0 - 



vo 



r= 0.976 
P< 0.00004 



— 

0.1 



T-TT 

t.o 



10,0 



a 2 Site Binding Affinity (IC^; *iM) 

Fig. 2. Correlation of binding affinities for the <r ( (top pane!) and cr z (bottom panel) binding sites and efficacy in the guinea f>i$ longitudinal ^ 
muscle/myenteric ptetus preparation assay CGPUMMP) for tested compounds (sec Table IX 
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guinea pig ileum longitudinal muscle/myenteric plexus 
contractions was perfectly correlated with their rank 
affinities for the <r 2 (r = LO), but not the cr } (r = 0.283, 
P > 0.46) binding site. Additional analysis, using previ- 
ously reported binding affinities (Table 1), revealed no 
significant correlations between rank efficacy to inhibit 
guinea pig ileum longitudinal muscle/myenteric plexus 
contractions and rank affinity for muscarinic acetyl- 
choline (r«* 0.036, P> 0.939), D 2 dopamine (r« 
-0.151, P > 0M9X or MK-801 (r = -0.577, P > 0.175) 
binding sites. 

Fig. 2 compares the correlations between binding 
affinity for cr t (top panel) or v % (lower panel) sites and 
activity in the guinea pig ileum longitudinal 
muscle/myenteric plexus assay. As seen in Fig. 2 and 
quantified using the Pearson product-moment correla- 
tion, there is no significant relationship between o-, 
site binding and guinea pig ileum longitudinal 
muscle/myenteric plexus activity (r = 0.021, P > 0.96), 
whereas this relationship for <t 2 site binding and guinea 
pig ileum longitudinal muscle/myenteric plexus activ- 
ity is extremely significant {r « 0.976, P < 0.000034). 



4. Discussion 

The results show that the efficacy of <x site ligands 
to inhibit electrically induced contractions of the guinea 
pig ileum is highly correlated with affinity for the <r 2 , 
but not site subtype. The lack of correlation to 
previously reported muscarinic acetylcholine receptor 
binding indicates that the effects of the a site ligands 
tested were neither due to non-selective blockade of 
receptors on smooth muscle nor activation of mus- 
carinic receptors on myenteric cholinergic neurons. 
This latter finding is in agreement with Campbell et al. 
(1989), in which a variety of a binding site ligands 
produced no alterations on the inhibitory effect of 
bethancchol in this preparation. The lack of inhibition 
by ( - ^sulpiride and MK-801 (data not shown) further 
underscores the lack of involvement of dopamine and 
MK-801 receptor sites, respectively, in this assay. Also 
tn agreement with Campbell et al. (19S9), we found 
that (+)-SKF10,047 occasionally produced an increase 
in electrically induced contractility. The mechanism 
responsible for this increase remains unclear. 

To our knowledge this is the first demonstration of a 
functional in vitro assay with the ability to selectively 
identify actions at the cr 2 binding site, providing a 
starting point from which to assess the functional char- 
acteristics of this system. As such, these data have vast 
implications in future research into the etiology of 
numerous disorders which have been linked to v bind- 
ing sites. In addition, these results represent the first 
evidence that guinea pig intestinal motility is specifi- 
cally modulated by a <r 2 mechanism. 



These studies further indicate that caution should 
be used when attempting to assign a a based mecha- 
nism to a functional assay. For example, the choice of 
pHJDTG or [ 3 H]halopcridot for affinity studies may be 
less than ideal since both bind with relatively high 
affinity to both c, and a 2 sites. Thus, any conclusions 
based on such binding studies, which attempt to link a 
site ligands to biological function, may prove inade- 
quate. This is illustrated in that there are no significant 
correlations (using Pearson product-moment correla- 
tional analyses) between the efficacy of the compounds 
tested in the present study to inhibit guinea pig ileum 
longitudinal muscle/myenteric plexus contraction and 
the K- % values of these compounds to displace 
pHjDTG, [ s H]penta20cmc ( [ 5 H]( + )-PPP or [ 3 HI( + )- 
SKF10,047 in the guinea pig brain {P > 0.88, P > 0,72, 
P > 0.88, P > 0.82, respectively), as reported in previ- 
ous studies (see Walker et at., 1990 for review). How- 
ever, when <r l and cr t binding was differentially deter- 
mined, as in the present study* the efficacy of these 
compounds is strongly correlated with affinity at the <r 2 
subtype. Thus, it appears that additional analysts of 
past studies may reveal specific modulation of func- 
tional systems by specific a subtypes. In the only 
previous study to examine the relationship between a 
ligand binding and guinea pig ileum longitudinal mus- 
cle/myenteric plexus efficacy (Campbell et al., 1989), a 
very low overall correlation was found (using feast 
squares linear regression) between displacement of 
[ J H]DTG in the guinea pig brain and the efficacy of all 
tested compounds to inhibit electrically stimulated 
guinea pig ileum longitudinal muscle/myenteric plexus 
contractions (r*=0.37) (Campbell et al., 19S9; Walker 
et al., 1990). This low correlation may have reflected 
the fact that modulation of the guinea pig ileum longi- 
tudinal mu$cle /myenteric plexus bioassay is linked to a 
compound's affinity for the <r z binding site, and not the 
cr l binding site. As such, the development of new 
functional assays will require careful examination of 
the affinity of test compounds for specific v site sub- 
type$> Development of such a subtype specific assays is 
crucial for forwarding investigations into the etiology of 
disease states in which <r sites have been implicated. 

One such condition , as indicated by the present 
results* is irritable bowel syndrome. Irritable bowel 
syndrome is characterized by an increase in tone and 
spasticity of the gastrointestinal tract, most notably the 
lower bowel (Thompson, 1993), Antirnuscarinic com- 
pounds (e.g. t belladonna alkaloids) are often pre* 
scribed for treatment of irritable bowel syndrome; 
however, the effective dose range for these compounds 
is near the maximally tolerated dose resulting in side 
effects typically associated with anticholinergic treat- 
ment. As a result patient compliance in long-term 
treatment is often poor. Thus, alternative approaches 
for treatment of this condition, and other irritative 
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conditions of the bowel (e.g., irritable colon, spastic 
colon, mucous colitis, acute enterocolitis* diverticulitis, 
and dysenteries), should focus on non-anticholinergic 
mechanisms for treatment. The present evidence for a 
role of the a % site in the mediation of ileal function 
suggests a novel therapeutic target which may not 
suffer from the accompaniment of the multitude of 
side-effects associated with anticholinergic compounds. 

In summary, the present results demonstrate the 
first bioassay sensitive to compounds with affinity for 
a 2 sites, providing the first means by which elucidation 
into the functional role of tr z sites can be achieved, 
Further, the results demonstrate the necessity to take 
into account the subtype specificity of cr site ligands 
when using them as investigative tools for research into 
the numerous disorders in which v related processes 
have been implicated to play a role. Finally, these 
results demonstrate an immediate applfr -afon yrjfft n». 
gard to irritable bowel syndrome. 
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A series of 4^1#-indol-3-ylM-butyl-substituted 4-phenylpiperidines, 4-phenyH,2,3,6-tetra- 
hydropyridines, and 4-phenylpiperazines was synthesized. The phenyl group was optionally 
substituted with 4-Quoro or 2-methoxy substituents. High affinity for both oi and Oz binding 
sites was achieved with these compounds. Additionally, these compounds had relatively high 
affinity for serotonin 5-HTia and S-HT^ dopamine D 2 , and adrenergic cu receptors. Introduc- 
tion of a 4-fIuarophenyI substituent at the indole nitrogen atom rendered very selective c*a ligands 
with subnanomolar affinity for the ut binding site. The prototype of such a compound was 
1^4-fluorophenyl)-3-{4-[4^4-fluorophenyI)-l-piperidinyl]-l-butyl]"Lff-indolc, 11a (code no. Lu 
29-253). This compound had the following binding affinities: IC&o (cti) « 16 nM, IC 5D tea) = 
0.27 nM, ICso (5-HTxa) = 22 000 nM, IC 50 (5-HT 2 a) = 270 nM, IC^ (D 2 ) = 4200 nM, IC S0 (ai) = 
220 nM. Spiro-joining of the phenyl and the pipcridine rings into a spirofisobcnzofuran-HSH)^ 
piperidine] ring system resulted in even more selective compounds. Variations of the 
1-substituent at the indole and of the chain length of the alkylene spacer group were studied. 
The optimal compound was the spiro analogue of compound lla^ This compound is YAA-[\-> 
(4-fluorophenyl)-ljy-mdol-3-yl]^ 14f (code no, 

Lu 28-179), with the binding affinities: IC 50 {o\) = 17 nM, ICso to) = 0.12 nM, IC 50 (S-HT lA > 
= 21 000 nM, ICso <5-HT2a) = 2000 nM, IC &0 (D z ) = 800 nM, IC M (a t ) = 330 nM. However, the 
most selective o% versus o x ligand was the tropana derivative H4-fluorophenyl)-3-[4-[3-(4- 
fluorophenyl)-8-azabicydo[3.2.1^^ 15a, This compound had the 

foUowmgbmdingafanitites: ICsd (ctj) = 1200 nM, ICso (02) = 2.5 nM. Potent anxiolytic activity 
in the black/white box exploration test in rats was found with the two most prominent a £ ligands 
Lu 29-253 and Lu 28-179. Good penetration into the CNS was documented both after 
subcutaneous and peroral administration of Lu 28-179 by ex vivo binding studies. Long 
duration of action was demonstrated both in ex vivo binding (Tvz ~~ 20 h) and in the black/ 
white box exploration test. 



Introduction 

Focus on development of very potent and selective a 
ligands has been intensified during recent years. Rec- 
ognition of 0 binding sites was originally based on the 
finding that benzomorphans, such as SK&F 10,047 and 
pentazocine, had additional binding to non-opiate recep- 
tors 1,2 and on the clinical observation of psychomimetic 
side effects of these compounds. 3 The existence of at 
least two distinct a binding sites denoted a\ and 02 has 
recently become evident. 4 * 6 The (-f)-enantiomers of 
opiate ligands* such as (4* )-penta20Cine (1), specifically 
label the ai binding site* while, until now, no highly 
selective 02 ligand has been available. (-^Pentazocine 
is a mixed a fai ligand of moderate affinity. Efforts have 
mainly been addressed to the design and synthesis of 
selective 01 Uganda, although some attempts to elucidate 
the structural elements that determine 02 preference 
were reported. 6 * 7 Quite recently, some (H-Msomers of 
certain 5-phenylmorphane derivatives were reported to 
exhibit high affinity and selectivity for the 02 binding 
site. However, these compounds also seem to exhibit 
high affinity for opiate ft receptors,* It must be empha- 
sized that interpretation of oj/ofg selectivity from results 
dated more than 2—3 years back is uften quite confus- 
ing. Binding assays at that time were generally non- 
selective, both regarding radioligands and the biological 

& Abstract published in Advance ACS Abstracts, May 1, 1995. 



tissue applied. As the characterisation of the subtypes|p|* 
of binding sites generally only involves ligand binding 
with no indication of functionality, it has been suggested ; < vw ^. 
that the term receptors should be avoided/ The role of J;^ 
the different o binding sites in psychiatric conditions 
still remains speculative. At a very early stage rimca- ■ 
zole (2), which is a weak but rather selective a ngand, 9 ^J; 
was tested in the clinic in schizophrenic patients r |^^ 
Though some limited but promising results from these||^ 
early phase II studies have been published, 10 * 11 the^^ 



clinical development was discontinued by Burroughs'!-^ 



Wellcome, (+}-PentaiEOcine was reported to have anxio^.:}|||| 
genie properties while the opposite enantiomer mduced;Sp^ 
relaxation in humans. 13 In rats both (+)-pentazodne 
and l f 3-di(2-tolyl)guanidine (DTG) were anxio^nic.%^ 
Newer and more potent, but also unselective, aligands^f ^ 
such as BMY 14802 (S) 14 and DuP 734 (4), 1S 16 wer^^f 
predicted to have antipsychotic potential from aniffl^l^S 1 
experiments. Both of these compounds have proceed^f|S 
to clinical trials. *M$m 
Some years ago, during the development of low-rf-^|^ 
efficacy serotonin 5-HTia agonists, 17 ' 18 we found thaty^/ 
within a series of 1 Wlif-mdol^ylVl-butyl]^-arylpip^p 
erazines antf corresponding indoiine derivatives 7 some^-;.^ 
of the indole derivatives were quite potent a ligands^aS ; .';>^ 
well. We became interested in exploring the possibilir^vf jf; 
ties of developing selective high-affinity 0 ligands based ^ 
on this series of compounds. The antipsychotic butyt ^ 
rophenone derivative haloperidol (5) is a potent a ligand 
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^ ' Table t. Structures and a Binding Affinities of 4-Phenylpip«ridiiics and 1-Phcnylpipcrasincs° 
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a binding affinities* (ICw values, nM) 
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0.0014 
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29. 


0.31 
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180. 


3.8 


3 BMY14B02 






60. 


230. 


0.26 


4 DuP734 
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23. 


0.11 


5 haloperidoi 






0.65 


17. 


0.038 


€ L-6S7*3B4 






0.26 


12. 


0.021 



„„ ' * Structures 9 and 11 refer to Scheme 1. Structures of reference compounds are shown in Figure l T b Results are expressed as ICso 
lvalues (nM) and are the logarithmic mean of at least two, or, in the case of the a? binding, three determinations. Two full (in the case 
p@|of otf. three foil) concentration curves were measured using five concentrations of test drug in triplicate (covering three decades). Sd 
teflratio's were obtained by calculating the variance of repeated measures of ratios between the first and second 'ICso determination for a 
series of n drugs. In cases of ratios greater than 2 x sd (95% confidence interval), extra determinations were p erf armed and outliers were 
EfdiKarded. The following sd ratios were obtained: a% 1.8 (n = 74); oj 2.3 (n — 100). € See Chart 1 for structure. 



^ with preference for a\ binding sites. However, 5 also 
|||blocks classical receptors, especially dopamine D2 recep- 
jj«tors. Many attempts have been made recently to extract 
|||iae a pharmacophore of 5 in close analogues, and thus 
K|retajn a binding and eliminate interaction with dop- 
Ifearnine receptors* 19 " 22 Compound 3 is actually an ex- 
!||ample of a haloperidol derivative that has lost affinity 
g||for D2 receptors. Also in our original series of 
fe|indol^^M^utylpiperazines l,? ' ia with 5-HTla serotan- 
p|ergic activity, some structural features, such as C-4, 
p;chain length, and terminal aryl groups, are common to 
IIJ. As the l-(2-methoxyphenyl)piperazine moiety is a 
®well-established 5-HTia pharmacophore, it would be 
^^ateresting to remove the 2-alkoxy substituent and to 
^ replace the piperazine ring with a piperidine ring as in 
* ** In this report and in the succeeding part 2, we 
^present further structural investigations. In this paper 
I substituents at the indole nitrogen atom, spiro-joining 
If of the piperidine and the phenyl rings to a spiro- 
^Eisoben2oniran-l(3J^,4^piperidineJ ring system, and 
^eariation of length of the interspacing alkylene chain 
|6?p*e studied. In part 2 the spiropiperidine system as well 
||as- substituents in the benzene part of these aytems are 
^ varied, and replacement of the indoloalkyl side chain 
^■g,. with, more simple alkyl of phenylalkyl side chains is 
%studied. The purpose of this project was to develop 
fi|fcelective a ligands> especially aiming at a% selectivity. 

Iplieniistry 

^ The synthesis of 3-[4-(4-phenyl-l-piperidinyl)-l-butyl}- 
^lZT-indole, 9d, and 3^4^4<4-fluorophenyl)-l-(lA3,6- 
|| tetrahydro)pyridinylH^^ 9f (Table 1), 

g|"haB been reported by Bottcher et al. in a study of 
^dopaminergic activity of 3^1,2,3,6-teteahydropyridyI- 
|j? alkylKndoles. 2 * Commercially available 4-dFf-indol-3- 
Sj yl)butanoic acid was coupled with N-unsubstituted 
fc 4-phenylpiperidines or 4-phenyl-l,2 t 3,6^trabydiopyri- 
jfc dines to the corresponding carboxamides by use ofNJF- 
j^l'carbonyldiimidazole as coupling agent The amides 
*^were subsequently reduced with dihydrobis(methoxy- 



ethanato-0,(7)dujniuate sodium We have chosen a 
slightly different approach for the synthesis in order to 
minimize the number of synthetic steps after a suitable 
common intermediate. The methanesulfonate ester of 

4- ( li7-indoI-3-ylM-butanol (Scheme 2) was prepared in 
large quantities and high yields by using a modified 
literature procedure of the synthesis of 4-{lH-indot3- 
yl)-l-butanol t 8a. 2 * Properly substituted phenylpiperi- 
dines > phenyl- 1 ,2,3, 6'tetrahydropyridines, and phenyl* 
piperazines were easily alkylated with the methane- 
sulfonate ester to 1-unsubstituted indoles, 9. The l-(4- 
fluorophenyD-substitu ted indoles, 11, were prepared via 
UUmann arylation of 4-(lr74ndol^yl)-l-butano)> 8a, 
with 4-fluoroiodobenzene to give 4-[M4-£luorophenyl}- 
Lff4ndol-3-yl]-l-butanol, 10a. N-Alkylation of pip- 
eridine s and piperazines was performed using as pre- 
viously the methanesulfonate ester as a leaving group 
(Scheme 1). Alternatively, it is also possible to arylate 
indoles of structure 9 using the Ullmann procedure. A 
similar sequence is shown in Scheme 2 for the synthesis 
of spiro derivatives, 14a— 14m. Substituents Y in the 
phenyl ring and the constituents X of the basic 6-mem- 
bered ring are indicated in Table 1. 

In an early paper by Manallack et al., 25 a planar a 
pharmacophore was constructed with the basic nitrogen 
atom almost in the plane of a benzene ring with its 
center 5.06 A away and with the nitrogen electron lone 
pair almost perpendicular to this plane. At the other 
end of the receptor, lipophilic substituents at the basic 
nitrogen atom implicated the presence of a lipophilic 
pocket as a secondary binding site. A contemporary 

5- HTia receptor model 26 ' 27 had a very similar arrange- 
ment of a benzene ring and a basic nitrogen atom 5.2— 
5.6 A away from the center of the benzene ring and with 
the electron lone-pair pointing away from the plane of 
the benzene ring. These very similar models are a good 
rationale for the associated a affinity of our series 7 of 
5-HTia agonists. We wanted to challenge this model 

- — and force the benzene and the piperidine rings out of 
coplanarity in order to position the nitrogen electron 
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Scheme 1- Synthesis of 1-Unsubstituted (9) and M4-FluorophenyIH3ubstituted (11) 3*[4^4-lfoenylpiperidin-l-ylM- 
butyl)-l/f-indolee and Corresponding 1,2,3,6-Tetrahydropyridinyl and Fiperazinyl Derivatives 

8a 




Scheme & Synthesis of Spiro[isoben2ofuran-l(3if),4 5 -piperidmes] with l-Unsubstituted (12a) and 1-Substituted 
a^Alkyl-3-indoie (14) Suhstituents at the Piperidinc Nitrogen Atom 




lone pair in the plane of the benzene ring. One way of joined system such as the spiroDsoben2ofuran4(3ii0 1 4|;p 
introducing such conformational restrictions *en--4;he piperidine] in which the two rings are perpendicular to- 
benzene and the piperidine Tings would be via a spiro- each other. The tinsubstituted spiro-joined piperidine' 
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Table 2* Structures and a Binding Affinities of 
Spiro[tHobenzof^ran-l(3H) t 4^pijHiridiii<ifiI 12a and 14* 

a binding ofllnitiea 6 
(ICso values, nM) 



Chart I. Structure of the Tropane Derivative 15a 
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a Structures refer to Scheme 2. fr See footnote to Table 1. 

had previously been synthesized by Marxer et al. 2 * 
Alkylation pf this spiropiperidine with the methane- 
\ sulfonate ester of properly substituted Lr?-indol-3-yJ-<u- 
alkanols 8 or 13 is shown in Scheme 2, In the butyl 
■ series the efect of various substituents R at the indole 
J nitrogen atom was studied. The majority of these 
f substituents were most conveniently introduced on the 
common intermediate 12a by acylation or UUmann 
arylation procedures. Acylations were performed in the 
presence of tetrabutylammonium hydrogen sulphate as 
, a phase-transfer catalyst, Heteroaryl substituents in 
I compounds 14j— 14m were all introduced by arylating 
I the l«unsubstituted indole 12a with the proper bromo 
; heteroaromatic compound. As above, the butanol de- 
rivative 10a was conveniently used to introduce the 4-[l- 
* (4-fluorophenyl>.lif-indol-3-yl3-I -butyl suhstituent in 
compoundl4f. The 1-alkyl groups (methyl and benzyl) 
' of the indoles 14a and 14e were introduced at an early 
stage in the syntheses by aJkylation of potassium salts 
of 4-(lH-mdol-3-yDbutanoic acid and 4KLff-indoI-3~yl>- 
I*butanol, respectively. Potassium terf-butoxide in 
DMF was used as base to generate the indole potassium 
salts. Variation of chain length of the alkylene spacer 
group from C-l to CM was also studied. The l-(4- 
fluorophenylX-substituted derivatives were chosen for 
this study. The C*2 and C-3 (n « 2 and 3 in Scheme 2) 
derivatives 14h and 14g were prepared from 2-{lH« 
indol-3-ylH-«thanol and 3*(Lc?-mdol-3-ylM-propanol, 
respectively. These procedures were analogous to the 
: synthesis of the C-4 derivative 14f. The preparation of 
the starting 3-indolo-w-alcohols has previously been 
described. 24 - 29 We were not able to synthesize the 
methanesulfonate ester of l^fluorophenyD-Lff-indoI- 
Jt-ylmethanol in order to obtain the C*l derivative. As 
an alternative method indole-3-carboKaldehyde was 
arylated to give l-(4-fluorophenyl)-lH-indole-3-carbox- 
aldehyde. Reductive alkylation of spiro[isobenzofuran- 
l(3Zx),4'-piperidine] with this aldehyde in the presence 
.of sodium cyanoboiohydride and molecular sieves af- 
forded the C-l derivative 14i in 28% yield. The sub- 
•istituents E at the indole nitrogen atom and the chain 
length n of the alfcylene spacer group of the spiropip- 
eridines are indicated in Table 2. 

In order to investigate the influence of steric hin- 
clrance around the basic piperidine nitrogen atom, we 
.synthesized the tropane analogue 15a (Chart 1) of the. 




isa 



4-(4-fluorophenyl)piperidine derivative 11a. The 3-(4- 
Quorophenyl)-8-azabicyclo[3.2.1]oct-2-ene was prepared 
from cVmethyI-8-azabicyclo[3.2 <2]octan-3-one by addition 
of (4-fluorophenyI)Iithium ) elimination of water, and 
removal of the 8-methyl group via carbamate formation. 
The corresponding procedure is described in detail in 
the Experimental Section for the synthesis of 4-(4- 
fluorophenyl)-i # 23^tetrahycjopyridine. Alkylation of 
3^fluorophenyl)-8-azabicyclo[3.2.1]oct-2-ene with the 
methanesulfonate ester of 4*[H4-fluorophenyl)~l£r-in- 
dol-3-yI]-l-butanol proceeded smoothly to compound 
15a. 

Results and Discussion 

The pharmacological test models are described in 
detail in the Experimental Section, Binding affinities 
for the at and the 02 binding sites are reported in Tables 
1 and 2 and compared to relevant reference compound? 
(structures, see Figure 1). pHK+^Pentazocine was 
used as ligand for labeling o\ binding sites. [ 3 HJDTG 
labeling of whole rat brain homogenates, except cerebel- 
, lum, was used to determine 02 binding affinities. It has 
been concluded that this assay is specific for determi- 
nation of <J2 binding affinities.*' 30 (-H-Pentazocine bad 
only insignificant affinity (Table 1) and for a series of 
compounds identical binding data were obtained both 
with and without the presence of an excess of (+>- 
pentazocine in our PHJDTG binding assay. These data 
strongly support the u% selectivity of our assay. Table 
3 shows binding data for selected compounds to 5-HTia 
receptors and other receptors d>2, S-HT2A, to which 
the reference compounds and our original series of 
arylpiperazines 7 with partial 5-HTia agonist properties 
were known to bind. The l-(2-methoxyphenyl)piper- 
azine derivative 9a is a prototype of a compound from 
this original series. It is a rather weak ligand with 
equipotent affinity at both o sites (Table 1), Jbut it has 
high affinity for 5-HTia receptors, as previously re- 
ported. 1 * Generally, 9a possesses quite high affinity for 
all receptors measured (Table 3), especially noradren- 
ergic 04 adrenoceptors. Replacement of the piperazine 
ring with a piperidine ring (compound 9b, Table I) 
improved affinity to both o sites. However, affinities 
for other receptors were only slightly weakened (Table 
3). Removing the 2-methoxy subs&tuent (compound 9d) 
or replacing it with a 4-fluorine atom, as in the deriva- 
tives 9c, 9e, or 9f, all resulted in potent a Ugands with 
almost equal affinity for both a sites. The unsubstituted 
4-phenylpiperidine fld was the most potent derivative 
with subnanomolar affinities. However, these com- 
pounds without substituents at the indole nitrogen atom 
also retained considerable affinity for the classical 
receptors, as indicated in Table 3. Compared to the 
reference compounds (Table X\ these derivatives were 
very potent and the at component was generally more 
^^predominant. All the reference compounds show pref- 
erence for the o\ binding site except DTG, (-)-pent- 
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Figure I. Reference and lead compounds. 

Table 3. Selectivity of Selected 0 Ligands and Reference Compounds 



binding affinities (ICgo values, nM) 3 
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0 Method for determination of ICso values is described in footnote to Table 1. The following 3d ratios were obtained: 5-HTia 1.4 in • 
100); D 2 1.7 to » 38); ct x 1.4 (« « 44); 5-HTsa 1.6 in = 30). 



azocine, and 2 that have equipotent but moderate to low 
affinities for both subtypes of a sites (Table 1). The 
4~phenacyipiperidine derivative 4 has additional binding 
to and ai receptors (Table 3). It has been 

reported that replacing the fluorine atom of 4 with a 
cyano group results in a more selective a ligand. 15 The 
spirotetralin derivative from Merck, L-687,384 (6), 31 is 
a very potent and selective o\ ligand. Compound 3 is 
weak* and interaction with 5-HTia receptors (Table 3) 
cannot be ruled out as being responsible for its phar- 
macological properties. 32 

The next step was the introduction of a 4-fluorophenyl 
substituent at the indole nitrogen atom (compounds 
lla-d) that resulted in total elimination of the sero- 
tonin 5-HTia component (Table 3). Affinities for 5-HT2A, 
D s , and cq receptors were also considerably reduced, 
although less dramatically than 5-HTi A receptor bind- 
ing. Compounds 11a, 11c, and lid were very potent 
0% ligands t while the piperazine derivative lib was less 
potent. Interestingly, all H4-fluorophenyl>-substituted 
derivatives displayed pronounced preference for .the. 02 
binding site with selectivity ratios of 40-100. .The best 



ratios reported previously were below 10 and for com- 
pounds with much lower affinity for the receptor, 7 

All the spiropiperidines with a C-4 spacer chain had 
subnanomolar era binding affinities (Table 2), while 
shorter chain lengths {compounds i4g-i) seem to 
reduce potency by a factor of about 10. Furthermore, 
all the spiropiperidines, except the C-l derivative 14i, 
show selectivity for o% versus Q\ binding sites. The 4-[l- 
(4-fluorophenyl)-lff-indol-3-yl]-l-butyl-5ubstituted de- 
rivative 14f was again the most selective compound 
with a selectivity ratio of 140. As seen for the nonspiro 
derivatives, the 1-unsubstrtuted indole 12a had consicV 
erable binding to the classical receptors (Table 3). These 
binding affinities were efficiently reduced by introduc- 
tion of 1-substituents in the indole (compd 14f, Table 
3). Spirotetralin and spiroindan derivatives with high 
a binding affinity have been synthesized by Chambers 
et al. 31 However, no indication of <7i or 02 preference 
were given for these series of compounds. PHJDTG 
labeling of guinea pig cerebellum was used for radio- 
ligand binding. Probably this assay measures both &i 
and 02. As the compound r-benzyl-3,4-dihydrospiro- 
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Figure 2. Effects of cpmppini4s Ha and 14f in the blacks 
white exploration test in rats. Rearings in the white section 
is counted daring a 7 min period, and the total time spent in 
the white section is measured. *p < 0,05 (one-way ANOVA, 
Dunnette test) compared to control. 

[naphthalene.l(2H) t 4'-piperidine] (6, L-687,384) 33 has 
been studied in some detail, we prepared and tested this 
spiro derivative* Surprisingly, 6 is a very potent and 
specific o\ ligand contrary to the indole derivatives 
within the present series. Given this result, one might 
speculate whether a benzylic type of substituents favor 
ai affinity. Within our series we observed that the 
corresponding C-l derivative 14i was the most potent 
a% ligand among homologous spiropiperidines (14f-i) 
and, contrary to all the other spiro derivatives, was 
equipotent for the two o binding sites. The 0^/02 
affinities and selectivities related to phenylalkyl chain 
lengths will be further discussed in part 2 of this series 
of articles. 

Compounds 11a (Lu 29-253) and 14f (Lu 28-179) have 
been investigated further in various animal models 
predictive for anxiolytic activity. Exploratory behavior 
of rodents in a black and white, two-compartment test 
box is reduced in the brightly lit, white compartment 
and the animals spend more time exploring the dark 
compartment Facilitation of the explorative behavior 
in the white compartment is suggested to reflect anxio- 
lytic activity. 39 In the black/white box exploration test 
both compounds were active over a large dose range 
(Figure 2). The total time spent in the white compart* 
ment and the number of rearings in this compartment 
were both signiScantly increased. 3 *** 5 The lowest ef- 
fective dose tested for Lu 28-179 was 0.00 1 /<g/kg, while 
Lu 29-253 was effective in doses at least from 0.1 p$ 
kg. Ex vivo 3 H-DTG binding in rats showed that Lu 



28-179 has excellent CNS penetration with optimal 
effect about 3-6 h both after subcutaneous (3.0 fxmoU 
kg) and peroral (3,0 /<mol/kg) administration. A half- 
life of about 20 h in the CNS was also demonstrated by 
ex vivo binding measurements* The long half-life of this 
compound was also reflected in the black/white box 
exploration test, in which potent activity was still 
present 24 h after the administration. 36 Papers pre- 
senting the anxiolytic potential of Lu 28-179 in other 
test models are in preparation^ Compared ^ai^ 
^e^zojiazepinesrSticb^s di azepam, the anxiolytic effec t 
was more projiaunced , and no_ seda tion was observedT~"*~^ 
InTcondusion, the present study EaTpfovlter-very — 
potent a ligands with a preference for the 02 binding 
site. IC50 values well below 1 nM were achieved for a 
majority of the compounds. Compound 15a was the 
most selective ot ligand, compared to its ai affinity, with 
a ratio of about 500, However, compounds 11a and 14f 
were also very selective with selectivity ratios of 60 and 
140, respectively. Compared to reference compounds 
these selectivities are quite outstanding. Selectivity 
with respect to a large number of receptors and trans- 
porter systems was also measured for these two com- 
pounds. No affinity of any significance (IC50 values > 
100 nM) was found. Determination of intrinsic activity, 
i,e., the agonist/antagonist profile of the present series 
of compounds, still awaits proper biological methods. 
Whether the relaxation reported with (— )-pentazocine 
in humans is related to its a% component can only be 
clarified by testing a more specific 02 ligand for anxiety 
in the clinic 



Experimental Section 

Melting points were determined on a Buchi SMP-20 ap- 
paratus and are uncorrected. *H NMR spectra were recorded 
of all novel compounds at 250 MHz on a Brukcr AC 250 
spectrometer. Deutcrated chloroform (99.6% D) or dimethyl 
sulfoxide (99.9% D) were used as solvents. TMS was used as 
internal reference standard. Chemical shift values are ex- 
pressed in ppra values. The following abbreviations are used 
for multiplicity of NMR signals; s = singlet, d = doublet, t = 
triplet, q = quartet, qui = quintet, h = heptet, dd - double 
doublet, dt — double triplet, dq = double quartet, U — triplet 
of triplets, m = multiples NMR signals corresponding £0 acidic 
. protons are generally omitted. Content of water in crystalline 
compounds was determined by Karl Fischer titration. Mi- 
croanalyses were performed by Lundbeck Analytical Depart- 
ment and results obtained were within £QA% of the theoretical 
values. Standard workup procedures refer to extraction with 
the indicated organic solvent from proper aqueous solutions, 
drying of combined organic extracts (anhydrous MgSO< or Na*- 
£0«), filtering, and evaporation of the solvc&t in vacuo. For 
column chromatography, silica gel of type Kieselgel 60, 230- 
400 mesh ASTM, was used. 

3-Indole-m-alkanols (8). 4-{li*-Indof-3-yl)-l-butanol(8a) 
was prepared following a modification of a literature proce- 
dure. 3 * Gaseous HC1 was bubbled through a solution of 4-{LF/- 
indol-3-yl)butanoic acid (100 g, 0.49 raol) in methanol (I L) 
until saturation was achieved. The mixture was stirred at 
room temperature for 1.5 h. Methanol was evaporated in 
vacuo. The remaining oil was dissolved in diethyl ether (500 
mL), washed with brine (2 x 100 ml), and dried (anhydrous 
kfgSO*). The solvent was evaporated leasing the indole- 
substituted butanoic acid methyl ester as a semisolid mate- 
rial: yield 103 g (06%). An analytical sample was recrystal- 
lized from n-beptane: mp 59-60 °C; 'H NMR CCDCb) d 2.10 
(qui, 2H), 2.40 <t, 2H), 2,85 <t> 2H), 3.70 (a, 3H*, 7.00 (d, 1H>, 
7.10-7.25 (m, 2H), 7.35 (d, JH), 7.65 (d, IK), 8.00 (broad s, 
1H). A solution of the methyl ester (100 g, 0.46 mol) in dry 
tetrahydroFuran (TKF) (1 L) was added dropwlse to a suspen- 
sion of LiAlRi (25 fi, 0.66 tnol) in dry THF (1 L) at such a rate 
that the temperature was maintained at about 40 fl C. After 



2004 Journal of Medtein&l Chemistry, 199$, Vol 38, No. ti 



Perregaard el al. 



the mixture was stirred for an additional 40 min* water (25 
mL) was added cautiously to the cooled solution (below 10 ft C). 
Under vigorous stirring of the solution, concentrated aqueous 
NaOH solution (25 mL) was added dropwise. Inorganic salts 
were filtered off; and the solvents were evaporated in vacuo. 
The remaining oil was dissolved in dichloromethane (500 mL) 
and dried (anhydrous MgSO«). The crude alcohol that was 
left after evaporation of dichloromethane was used without 
further purification: yield 88 g {100%}; W NMR (CDCU) <5 
1.60-L85 (m, 4H), 2.80 (t, 2H), 3.70 (t, 2H), 6,95 (d, IH), 7.10- 
7.25 (m t 2H\ 7.35 (d, IH), 7.65 <d, IH), 8.05 (broad s, 1HI 

In a corresponding way 3-(lH-indol-3-yl)-l-propanol (8b) M 
and 2-(Lff-indol-3-yl)ethariol (So) were prepared. 23 
N-Phenylpiperazine, AM4-fIuorophGnyl)piperazine ( 
methoxyphenyl)pipera3hie T and 4-phenyIpiperidine were all 
commercially available* 4-{4-Fluorophenyl)piperiditi£ was 
prepared as follows. A mixture of 4-fluorobenzaldehydc (230 
g, L85 mol) and ethyl acetoacetate (4S0 g, 3.69 mol) was cooled 
to 0 *C f and piperidine (25 mL) was added dropwise during 
0.5 h. Ttte mixture was left at room temperature for S days. 
The resulting solid product was dissolved in eihanol (L0 L) 
and refluxed. After cooling to room temperature the crystal- 
line product was filtered off and dried in vacuo: yield 463 g 
(69%); mp 160 *G. This product (450 g, 1.23 mol) was added 
portionwise to a solution of KOH (350 g) in water (300 mL) 
kept at 85-90 *C. The mixture was finally stirred for another 
2 h at 80-65 *C. Ice (2 kg) and ethyl acetate (500 mL) were 
added. The aqueous phase was separated, and pH was 
adjusted to 1 by cautious addition of concentrated aqueous HCi 
(CO* evolves). The precipitated 3-<4-fluoTophenyl}-giutaric 
acid was filtered ofT, washed with water, and dried; yield 207 
g (75%); mp 141-143 *(X A mixture of the glutaric acjd 
derivative (110 g, 0.49 mol) and urea (34 g, 0,57 mol) was 
heated at 160-180 for 2 h. After cooling below 00 °C 
ethanol (250 mL) was added and the mixture was re fluxed for 
10 min. The precipitated 4~(4-fluorophcnyl)-2 1 6-piperidine- 
dione was collected after cooling to 0 *C: yield 86 g mp 
199 *C. To a suspension of LiAlH* (50 g, 132 mol) in dry THP 
(I L) was added all of the piperidinedione (0-42 mol) in small 
portions at 40-60 *C. The resulting mixture was finally 
refluxed for 14 h. Water (20 mL), concentrated aqueous 
NaOH (20 mL), and water (200 mL) were sequentially added 
with caution. Inorganic salts were filtered off and the solvents 
evaporated in vacuo. The remaining oil was dissolved in 
dichIcrx)metJiane (500 mL) and dried (anhydrous Na*SOd and 
the solvent was evaporated, leaving 72 g (95%) of the 4<4- 
fluorophenyDpiporidine; J H NMR (CDCI3) d L60 (dq, 2H), 1.80 
(broad 4, 2H), 2.35 (s, 1H)» 2.60 (tt, XU\ 2,70 {dt, 2H) t 3,20 
(broad d t 2H), 7.00 (t f 2H), 7.10-7.20 (m, 2H). 

In a similar way 4-(2-m«thoxypbenyl)piperiditte was 
prepared: mp 204-210 6 C (diisopropyl ether); 1 H NMU 
(CDCla) 6 1.65 (dq, 2H), 1.85 (broad d, 2H), 2.S0 (tt, IH), 3.10- 
3.30 (m, 410,3.85(5, 3H), 6.9D(d, IH), 7,00 (t, 1^7.15-7,25 
im t 2H). Spiro[i^benzofuxaii-l(3if),4^piperidine} was 
prepared as described by Marxer et al. 2 * The synthesis cf 4-(4- 
fluorophenyl) ! A3,6-tetrahyiiri>pyHdirie was a modifica- 
tion of a literature method 37 as follows. To a solution of 1.6 
M T^butyllitkium in A-hexane (250 mL) in dry diethyl ether 
(300 mL) kept at -50 to -40 a C was added dropwise a solution 
of 4-bromofluorobenzene (73 g, 0.42 mol) in dry diethyl ether 
(150 mL). After the mixture was stirred for another 40 min 
at -50 °C, a solution of l~benzy!-4-piperidone (57 g, 0+30 mol) 
in dry diethyl ether (200 mL) was added dropwise. The 
mixture was further stirred until the temperature reached - 10 
9 C. Diluted hydrochloric acid was added. The organic phase 
was discarded. To the partly precipitated hydrochloric salt 
remaining in the aqueous phase was added diethyl ether 
followed by aqueous NH4OH until pH > 9. The organic phase 
was separated and worked up leaving l-benzyl-4-(4-fluoro- 
pteayl)4-piperidinol as an oil; yield 62 g (97%) *H NMR 
(CDCla) 6 1.70 (dq, 2H), 1.80 (broad S> IH), 2.15 (dt. 2H), 2.50 
(dt, 2H), 2.80 (broad d, 2H), 3.60 (s, 2H), 7.05 (t, 2H), 7.25- 
7.40 (m, 5H), 7.50 (dd. 2HX The 4-piperidinol (82 g, 0.29 mol) 
was refluxed in trifluoroacetic acid (500 mL) for 1,5 h. Most 
of the trifluoroacetic acid was evaporated in vacuo. To the 
remaining oil was added diethyl other, water, and aqueous 
NH4OH until pH > 9. The organic phase was worked up as 



above: yield 76 g (95%) of l-benayl-4-(4-fluorophenyl)-i,2 > 3 1 6- 
tetrahydrcpyridine; l H NMlKCDCla) d 2.50-2.60 (m, 2H), 2.75 
(t, 2H), 3.15 (q r 2H>, 3.65 (s, 2H), 6.00 (h, 1H), 7.00 (t, 2H), 
7.30-7.50 (m, 7H), 7.50 (dd, 2H). To a solution of all the thus 
isolated oil (0.28 mol) in 1,1,1-trichkroethane (760 mL) kept 
at reflux was added dropwise 2,2,2-trichloroethyl chloro- 
formate (45 mL) during 40 mm* The mixture was refluxed 
for 3 h. The solvent was removed by evaporation, and the 
carbamate was purified by filtering through silica gel using 
dichloromethane/heptane 1:3 as eluent: yield 90 g (93%); ! H 
NMR (CDCla) 6 2.50-2.60 (m, 2H) ( 3.70-3.80 (m, 2H), 4.20 
(broad d, 2H), 4.80 (s, 2H), 6,00 (broad a, IH), 7.05 (t. 2H), 
7.45 (dd, 2H). The carbamate group was removed by addition 
of Zn-powder (100 g, 1,53 mol) to a solution of the carbamate 
derivative (50 g> 0.14 mol) in a mixture of acetic acid (450 mL) 
and water (50 mL) kept at 45 9 C. Small lots of Zn were added 
during 1.5 h. Inorganic salts were filtered off, and the solvents 
were evaporated in vacuo. The 4-(4-flucrophenyl>-l ,2,3,6- 
t^trahydropyridine was isolated as an oil by extraction from 
an alkaline aqueous phase with ethyl acetate, according to the 
general workup procedure: yield 23 g(933£); *H NMR (CDClj) 
6 1.75 (s. 1H), 2.35-2.45 (m, 2H) N 3.10 (t, 2H). 3.50 (q, 2H), 
6.00-6.10 (m f IH), 6.95 (t, 2H), 7,30-7.40 (m t 2H). 

3-(4-Fluoropheiiyl)^8-azabicycIor3^.1lH3ct-2^ne was pre- 
pared analogously: To a solution of 1.6 M /t-butyllithium in 
A-bexane (500 mL) in dry diethyl ether (600 mL) kept at -45 
a C was added dropwise a solution of 4-bromofluoroben2ene 
(145 g. 0.84 mol) in dry diethyl ether (350 mL). After stirring 
for another 20 min at -50 °C, a solution of 8-methyi-8- 
azabicycloC3^-l}octan-3-one (85 g, 0.64 mol) in dry diethyl 
ether (200 mL) was added dropwise. The mixture was further 
stirred until the temperature reached -20 *C, Diluted hy- 
drochloric acid was added. The organic phase was discarded. 
To the partly precipitated hydrochloric salt remaining in the 
aqueous phase was added diethyl ether followed by aqueous 
NHiOH until pH > 9. The organic phase was separated and 
worked up leaving 3^4*fluorophenyI)^-methy^8-azabicycio- 
[3,2.1]octan~3~ol that crystallized from diethyl ether; yield &6 
g (64&); mp 169 All of the 4-piperidinol (96 g, 0.41 mol) 
was refluxed in trifluoroacetic acid (500 mL) for 1 h. Most of 
the trifluoroacetic acid was evaporated in vacuo. To the 
remaining oil was added diethyl ether, water, and aqueous; 
NH4OH until pH > 9. The organic phase was worked up as 
above yield 87 g (98%) of 3-(4»fluorophenyl>-8-methyl-8" 
a2abicytlot3.2.I]oet-2^ii^ mp 82-63 *C (from 2-ppopyl ether;/ 
n-heptane, 1:1). To a solution of the thus isolated azabicycio- 
^HocUS-ene (54 g t 0.25 mol) in 1,1,1-trichloroethane (550, 
mL) kept at 70 *C was added dropwise 2,2,2-trichloroetbyl 
chloroformate (38 rnL) during 2 h. The mixture was refluxed ■ 
for 3 h. The solvent was removed by evaporation, and the 
carbamate was purified by filtering through silica gel using" 1 
dichloromethane as eluent; yield 59 g (64%); *H NMR (CDCI3) 
6 1.70-1.85 (m, 1H), 1.95-2.40 (m, 4H). 3.10 (broad d, lH)fe 
4.55-4.80 (m, 4H), 6.35 (s, 1H), 7.00 (fc, 2H) F 7,35 (dd, 2H),; 
The carbamate group was removed by addition of Zn powder ; 
(40 g, 0.61 mol) to a solution of the carbamate derivative (17 ft 
0.045 mol) m a mixture of acetic acid (170 mL) and watefe 
(20 mL) kept at 45 "C. Small lots of Zn were added during J 
15 h. Inorganic salts were filtered off, and the solvent* wera^- 
evaporated in vacuo. The 3^4-fluorophenyl>8-a2abicyclo| : t 
[3,2*lloct-2-ene was isolated as an oil by extraction fix)m^| i 
alkaline aqueous phase with ethyl acetate according : to^the£ : 
general workup procedure: yield 7 g as an oil (76$£); >H'ljIMB^ 
(CDCW 6 1.60-1.70 (m, 1HX 1.80-2.20 (m^H), 2.45 (e^lH) "v ■ 
2.65 (dd, 1H), 3.80-3.90 (m, 2H) P 6,45 (d, IH), 6.95 ft, 2J^|f 
7.25-7.35 (m, 2H). The oxalate salt crystalUs^d from 
tone: mp 154-155 *C, . - 

General Procedure for the Synthesis of 1-Unsubp!5§| 
tuted 3-[4-(4-Pheiiyl-l-piperfdinyl)a-butylJ-lH^indol||S 
and Corresponding 1^,3,6-Tetrahydrgpyridiny, and Hpfji; 
eraziny] Derivatives, 9 (Table 1). 3.(444-(2-Meth<Mry^f^ 
phenyl)-l-pi|ietaxinyIM-butyl3'LH r -indole (9a). A solu&onS 
of 4-(li?-indol-3-yl)-l-butanoU 8a (316 g, 1.67 mol), aD^ brj^r 
ethylamine (340 mlO in dichloromethane (3.2 L) was cooled^;* 
to 0 °C, and methanesulfonyl chloride (170 ml, 2.20 molr 
dissolved in dichloromethane (300 rnL) was added dropw^Sji 
while keeping the temperature below 6 °C. After the mixture^ 
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was stirred for an additional 45 min at 15 *C, water (2.0 L) 
was added. The organic phase was separated and worked up 
according to the standard procedure leaving the methane- 
sulfonate ester that was used without further purification. For 
storage the ester was kept in a refrigerator. Yield 4 50 g ( 100%) 
as an oil. A mixture of the methanesulfonate ester (8 g, 0,030 
mol), AM2-methojryphenyl)piperazine (5.5 g ( 0.029 mol), and 
potassium carbonate {6.0 g, 0.043 mol) In acetone {100 mL) 
was re fluxed for 24 h. The acetone was evaporated, and the 
residue was dissolved in water (200 mL) and diethyl ether (200 
mL). Tbs aqueous phase was made acidic by addition of acetic 
a rid j and the organic phase was separated and discarded. 
Aqueous NH4OH was added to adjust the pH to > 10. Extrac- 
tion with diethyl ether and workup as above afforded 10 g of 
crude 9a. Pure title compound crystallized from diethyl 
ether: yield 7.8 g (74%); mp 113-115 «C; 'H NMR (CDCU) 6 
1.60-1.65 <m, 4H), 2.40 (t, 2H), 2,65 (broad 9, 4H), 2.65 (t, 
2HX 3.10 (broad s, 4H), 3.85 (s, 3H), 6.90 ft, 1H), 6.90-7.05 
(m, 4H), 7.1O-7.20 (m, 2H), 7.35 (d, 1H), 7.60 (d, 1H), 8.00 
(broad s, 1H). Anal. (QaHajNjO) C, H, N, 

In a corresponding way the following indoles 9 were 
prepared. 

3-[4^[4-(2-Methoxypheny!)-l-pipcridinyl]-l-butyl]-li/- 
indole hemioxalnto Ob): mp 183- 188 *C (acetone); J H NMR 
(DMSOifc) 6 1.60-1.80 (m, 8H), 2.50-2,60 <m, 2H), 2.65-2.75 
(m, 4H). 2.95-3.05 (m, 1H), 3.25 (d, 2H), 3.75 (s r 3H), 6.85- 
7,20 (m, 7H), 7.35 {d, 1HX 7.50 (d, 1H), 10.80 (s, 1H). Anal, 
(C2tHa»N 2 (>hemioxalatc) C, H, R 

3444444-IH^rophettylM-piperaz^ 
dole (9c); mp 124-126 °C (diisopropyl ether); l H NMR (CDCfe) 
6 L55-L85 (m, 4H), 2,45 ft, 2H), 2.60 (t, 4H). 2.80 (t, 2H), 
3.15 (t, 4H), &80-7.00 (m, 4H), 6.95 (s, 1H), 7.O5-7.20 <m, 
2H), 7.35 <d. 1H), 7.60 (d, lH), 8.00 (bread s, ill). Anal 
(CsbH^sFN^) C, H, N, 

3-[4-(4-Phe^yl^l^piperidinyl>*l.butyl3-lK-indole (9d): 
mp 131-132 B C (diisopropyl ether); l H NMR (CDCW d 1.60- 
1.85 (m, 8H), 2.05 (dt, 2H>, 2.40-2.55 (m, 3H), 2.80 (t, 2H), 
3.05 (broad d, 2H), 6,95 (s, lH), 7.05*7.40 (m, 8H), 7.60 (d, 
IH), 7.95 (broad s, 1H). Anal. (Carl*^) C f H, N. 

M4-[4^4-FIuowphenyl)a-pip*rid^ 
dole (8e): mp 92-93 °C (washed with /i-heptane); >H NMR 
(CDCla) * 1,60-1.90 (m, 8H) T 2.05 <dt, 2H) ( 2.40-2.55 (m, 3H), 
2.80 (t, 2H), 3.10 (broad d, 2H), 6.95-7.05 (m, 3H), 7.10-7.25 
(m, 4H), 7.35 (d, lHj, 7.65 (d, 1H). 8.05 (broad a, 1 H). Anal. 
(C^FNj) 0, H T Ni 

34444-(4-F]uorophenyl>l-(l^^tetr«hydro)pyridinylI^ 
l-butylJ-lH^udole (9f): mp 124-125 fl C (washed with 
diethyl ether); *H NMR (CDCfe) 0 1.60-1.80 (m, 4H), 2,45- 
2.55 (m, 4H), 2.70 (t, 2H), 2.80 <t, 2H), 3,15 <q, 2 H), 6.00 (broad 
s P IH), 6.95-7.05 (m, 3HX 7.05-7.20 (m, 2H), 7.30-7.40 (m, 
mi 7.65 (d, 1H), 8.00 (broad s t 1H), AnaL (C^H^FN^ C, 
H, N. 

General Procedure for the Synthesis of l-(4-Fluoro~ 
phcnyD-Substituted 3-[4-(4'Pbcny!-l^piperidinyl}-l-bu- 
t>'l]-Lff-indoles and Corresponding Pipemxlnyl Deriva- 
tives, 11 (Table 1). 4-U-(4-Fluorophenyl)-Lff-indol-S-yl3- 
I-butanol (10a), A mixture of 4-{Uf-indol-3-yl>l-butanol > 8a 
(120 & 0.63 mol), potassium carbonate (110 g, 0.80 raoIX 
4-fluoroiodobenzene (240 g 3 1.09 mol), Cul (30 g) + and 2hO C7.5 
g) in l-methyi-2-pyiroHdinone (imp) (1.2 L) was heated at 
155 *C for 6 h. After cooling, precipitated inorganic salts were 
filtered off. Diethyl ether (500 mL) and diluted aqueous 
were added. The organic phase was separated, 
washed with saturated brine, and subsequently worked up as 
above. The crude butanol derivative was purified by column 
chromatography on silica gel (eluted with diethyl ether): yield 
of pure title compound 10a as an oil 104 g (58%); ! H NMR 
(CDCla) 6 1.65-1.95 (m, 5H), 2.90 (t, 2H) t 3.75 (t» 2H), 7.10 (s. 
1H), 7,20 (t, 2H), 7.25 (d r lH), 7.40-7.50 (m, 3H>> 7.70 (d, lH). 

l-(4-FluorophGnyl>3-[4'[4-(4-fluorophcnyl)-l-piperidi' 
nylM -butyl]- 127-indo-le Hemifumarate <lla). A solution 
of 4-[l-(4-fluorophenyI>Iff*indol-3-ylM-butanoi F 10a (104 g, 
0.37 mol), and triethylamine (75 mL) in dichioromethane (1.0 
L) was cooled to O °C and methanesulfonyl chloride (30 mL, 
0.39 mol) dissolved in dichioromethane {150 mL) was added 
dropwise while keeping the temperature below 10 °C. After 
the mixture was stirred for additional 1.5 h at room temper* 



ature, water (1,5 L) was added. The organic phase was finally 
worked up, according to the standard procedure, leaving 128 
g (95%) of the methanesulfonate ester that was used without 
further purification. To the methanesulfonate ester (128 g, 
0.35 mol) in methyl isobutyl ketone (MIBK) (1 L) was added 
4-<4-fluaropheny Dpi peri dine (as the triiluoroacetic acid salt) 
(87 g, 0.30 mol) and potassium carbonate (90 g, 0.65 mol), The 
mixture was heated at reflux temperature for 16 h. After 
cooling, inorganic salts were filtered off and MIBK evaporated 
in vacuo. Ethyl acetate (500 mL) and water (2,0 L) were 
added, and the organic phase was separated and worked up 
as above. The remaining crude product was dissolved in 
boiling ethanol (400 mL). After the mixture cooled in an ice 
bath, the precipitated product was filtered off: yield 78 g(58%). 
The hemifumarate salt 1 1& was crystallized from ethanol: mp 
157 °C; X H NMR (DMSO-^s) 6 1.55-1.80 (m, 8H), 2.25 (dt, 
2H), 2,60 (broad t, 2H), 2.75 (t, 2H), 3.10 (broad d, 2H), 6.56 
(s, 1H), 7.05-7.25 (ra. 6H), 7.35 <d, 1H), 7.40 <&, 1H), 7.45 (d, 
1H), 7^5-7.65 (m,3M). Anal. {Cs&HaGFaN^hcmifumarate) C, 
H, N. 

In a corresponding way the following l-(4-fluorophenyl)- 
substituted indoles 11 were prepared. 

l*(4*FluorophenyD-3-l4-[4-(4-fluorophenyl)-l-piper- 
aiinylM-burylMff-indole (lib): mp 65-66 *C (ethyl ace- 
tate); m NMR (CDCt 3 ) d 1.60-1,90 (m, 4H), 2.50 (t r 2H), 2.60 
(t, 4H). 2.85 (t, 2H), 3.10 (t, 4H). 6.85-7.00 (m, 4H), 7.10 (e, 
1H), 7.15-7.25 (m, 4H), 7.40-7.50 (m, 3H), 7.65 (d, lH). Anal. 
(CaiHasFsNa) C, H, N. 

l-(4-FluorophenyD-3-(4-(4-phenyl-l-piperidinyl)-l-bu- 
tyl]-Ltf-indole JUniarate (lie): mp 171-173 °C <ethanol>, 

NMR (DMS(W 6 ) 6 1.60-1.85 <m, 8H), 2.35-^2.50 <m, 2H), 
2,55-2.85 (m, 5H) t 3.20 (broad d, 2H). 6.55 (s f 2H), 7.05-7.50 
(m, 11H), 7.55-7,70 (m, 3H). Anal. (C w H 3l F'Nfumarate) C, 
H, N. 

l-(4-Fluorophenyl)-3-[4-<4-phcnyM-pip€razinyl)-l-bu- 
tyll-lfl-indole difumarate (Ud): mp 120-122 *C (ethanol); 
*H NMR (DMSO^a) d 1.50-1.70 (rn, 4H) P 2.50 (t, 2H), 2,65 
(broad t # 4H), 2.80 (t, 2H) T 3.15 (broad t, 4H), 6-60 (s, 4H), 6.80 
(t, 1H), 6J0 (d, m\ 7.10-7.25 (m, 4H), 7.40-7.50 Cm, 4HX 
7.55-7.65 (m, 3H). AnaL (C^H^KNrdifumarate) C, H, N. 

l'-[4- ( lif-Ictdol-3-yl)'l'butyI3 spirof isobenzofuran- 
l(3fi),4'-piperidine] (12a). A suspension of the methane- 
sulfonate ester (20 g, 0.075 mol) of 4-(lif-indoi-3-yl)-l-butanol, 
8a ( spirc{isoben2ofuraui-l(3^,4'-piperidinel(15 g, 0.079 mol), 
and poLassium carbonate (11 g f 0.0S0 mol) in MIBK (400 mL) 
was rcfluxcd overnight. After the mixture was cooled to room 
temperature, inorganic salts were filtered off The remaining 
oil was purified by filtering through silica gel (eluted with 4% 
triethylamine in a 3:2 mixture of ethyl acetate and n- 
heptane); yield 21 g{71%) of crude title compound that was 
stirred with diethyl ether and filtered off; mp 150—155 *C; T H 
NMR (CDC1 3 ) ii 1.60-1.65 (m, 6H), 2.00 (dt, 2H), 2.40 Cdt f 2H), 
2,45-2,55 (m, 2H) t 2.85 <t, 2H), 2.65-2.95 (m f 2H), 5.05 (s ( 
2H), 6.95 (d, 1H) T 7,00-7.25 (m, 6H), 7.30 (d t 1H), 7.55 (d, 1H), 
8.05 (broads, lH). Anal. (CsiHasNaO) C, H, N. 

Procedures for the Syntheses of 1-Substituted 3-(Spiro- 
[isobenzoftiran-1 (3R)>4'«piperidine]- l*-y M4>utyD-lff-in- 
doles, 14 (Table 2). l'^4-(l-Meth^lH-mdol-3-yl)-l-butyll- 
fipiro[isobenzofaran-l<3ff) f 4^piporidipe] Oxalate (14a). 
The sequence of the synthetic steps indicated in Scheme 2 was 
slightly changed in the preparation of compound 14a. To a 
solution of 4-<li/»indol-3-yl)butanoic acid (24 g, 0.12 mol) in 
dry JVJNT-dimethylformamide (DMF) (200 mL) was slowly 
added potassium tert-butoiride (28 g> 0.26 mol). The mixture 
was cooled below 10 *C t and methyl iodide (60 mL, 0.96 mol) 
was added dropwise during 30 man. The mixture was finally 
stirred overnight at room temperature. It was poured into 
water {1 L) and diethyl ether (250 mL), and the organic phase 
was worked up as previously. The crude product was filtered 
through silica gel using dichioromethane as eluent, affording 
18 g (65%) of pure methyl 4-(l-raethyl-li/-indol-3-ylJbiitanoic 
acid ester as an oil: *H NMR (CDCb) d 2.05 (p, 2H) t 2.40 (t, 
2H), 2.80 (t, 2HX 3.65 (s, 3H)» 3.75 (a ( 3H) P 6.80 (s f lH) f 7.10 
(t, 1H), 7A5-7.30 (m, 2H) f 7^5 (d t lH). A solution of the 
methyl ester (17 g, 0.073 mol) in dry THF (100 mL) was added 
..dropwise to a suspension of LiAlH* (4.5 g, 0.12 mol) in dry 
THF (150 mL) at such a rate that the temperature was 
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maintained at about 40 After the mixture was stirred tor 
additional 1 h, water (5 mL) was added cautiously to the cooled 
eolation (below 10 *C)- Under vigorously stirring of the 
solution, concentrated aqueous NaOH solution {5 mL) was 
added dropwise. Inorganic salts were filtered off, and the 
solvents were evaporated in vacuo, The remaining oil was 
dissolved in dicMoromethane (500 mL} and dried (anhydrous 
MgSO<). The crude alcohol that was left after evaporation of 
dichloromethane was used without further purification: yield 
14.9 g (100%); J H NMR (CDCb) 6 1,60-1.85 (m, 4H), 2.75 (t r 
2H), 3.65 (t, 2H), 3.70 (s, 3H), 6.80 (s, 1HX 7.05 (t, 1H), 7.15- 
7.30 (m, 2HK 7,60 (d, lH). The butanol was converted to the 
methanesuifonate ester, according to the procedure described 
above for the preparation of compound 9a: yield 16 g (78&fc 
J H NMR (CDCW d 1.75- 1.90 (m, 4H), 2.80 (t, 2H), 2.90 (s t 
3H3, 3J0 (a, 3H), 4.20 (t, 2H). 6,80 (s, 1H), 7.10 (t, IK), 7.15- 
7,30 (m, 2H), 7.55 (d, XH). A mixture of the methanesutfonate 
ester (1.9 g, 0.0068 mol), spiroIisoben2ofuran-l(3H),4'^iperi- 
dine] (1.5 g T 0.0079 tool), and potassium carbonate (1.5 g, 0.011 
mol) was heated at reflux in MIBK (50 mU for 16 k After 
cooling to room temperature, inorganic salts were filtered off, 
MIBK was evaporated in vacuo, and the remaining crude title 
compound was purified by column chromatography on silica 
gel (elated with 4% triethylamine in ethyl acetate and heptane, 
2:3), The oxalate salt was finally crystallized from acetone; 
yield of 1 4a 2.3 g (73%); mp 101 -102 °C; l H NMR -(fiMSO^) 
6 1.60-1.80 (m, 6H), 2.25 (dt, 2H), 2.75 (t, 2B), 3.10 (broad t, 
4H), 3,40 (broad d t 2H), 3.75 (s, 3H), 5.00 (a, 2H3 S 7.00 (t f 1H), 
745 (a, lH), 7.15 (d, 1H>, 7,20-7,30 (m, lH), 7.30-7.40 (m, 
4H), 7.55 (d> 1H>. Anal, (CssHsoNsOoxalate) C> H, N. 

furan4(3ff),4'-|riperidine] Oxalate (14b). To a solution of 
l'44^ttf~mdol-3-yl>-l~butyl]spt^ 

eridine}, 12a (1.3 g, 0.0050 mol), in dichloromethane (40 mL) 
wore added tetrabtttylammonium hydrogen sulphate (200 mg) 
and powdered sodium hydroxide (1 g), A solution of acetyl 
chloride (0.8 mL, 0.011 mol) in dichloromethane (10 mL) was 
added dropwise during 10 mm below 25 *C. After the mixture 
was stirred for 1 h at room temperature, water (200 mL) was 
added. The organic phase was separated and worked up as 
previously. The crude title compound was subjected to column 
chromatography on silica gel (eluted with 4% triethylamine 
in ethyl acetate and heptane 2;3), The oxalate salt crystallized 
from acetone; yield of 14b 0,9 g (37%); mp 139-140 *C; *H 
NMR (PMSCMs) a 1.65- L90 (m, 6H), 2.35 (dt, 2H), 2-65 <s, 
3H), 3,05-3,20 (m, 4H), 3.45 (broad d, 2H), 5.05 (s, 2H) t T20~ 
7.30 (m, 6H>, 7.60-7.70 (m, 2H), 8.30 Cd, 1H). Anal. 
(C^3oN$Qsroxalate) G, H, N, 
1M4-Il-Me^lsulfan^^ 
[isoben2ofuran-I(3H)>4 -piperidino] Oxalate (!4cK To a 
well-stirred suspension of a solution of NaOH (20 g) in water 
(20 mL), a solution of 4KItf-indol^yl)-l-butano] J( 8a (4 g, 0.021 
mol), in dichloromethane (60 mL), and tetrabutylammoniiim 
hydrogen sulphate (0.8 g) kept at 15 a C was added dropwise a 
solution of methanesulfonyl chloride (3.0 mL, 0.039 mol) in 
dichloromethane (25 mL) during 20 min. The temperature 
was gradually allowed to reach room temperature. Water (100 
mL) was added, and the organic phase was separated and 
worked up as above. Pure methanesuifonate ester of 4-[l- 
methylsulfonyl]-lif-indol-S-yl]-l-butanol was obtained by col- 
umn chromatography on silica gel (eluted with & 1:1:1 mixture 
Of diethyl ether, dichloromethane, and heptane): yield 1.8 g 
(27%) as an oil; *H NMR (CDCW 6 1.75-1.90 (m* 4H), 2.80 (t, 
2H), 2.95 (s, 3H), 3,10 (s, 3H), 4.25 (t, 2H) ( 7.20 (s, 1H), 7.20- 
7.40 (m, 4H), 7,50 (d, lH), 7.90 (d, lH). A mixture of the 
methanesuifonate (L£ g, 0.0052 mol), spirclisobenzofuran- 
Kafn^'-piperidme) (1^ g, 0.006S mol), and potassium carbon- 
ate (1 g, 0.0072 mol) in MIBK (50 mL) was heated at reflux 
for 16 £ After cooling r inorganic salts were fdtered off, MIBK 
was evaporated in vacuo, and the remaining oil was subse- 
quently subjected to column chromatography on silica gel 
(eluted with 4% triethylamine in ethyl acetate and heptane, 
2:3)- The oxalate salt crystallized from acetone; yield of 14c 
1.2 g (44%); mp 83-85 «C; »H NMR (DMSOnd s > d 1.65-1.85 
(m, 6H), 2.35 (dt, 2H), 2.75 ft, 2H>, 3.05-3.20 (m, 4H), 3,35^ 
3H), 3,45 (broad d, 2H), 5.05 (s, 2H), 7.15-7.30 (m, 6H) t 7.35 



(d, 1H), 7.40 (s p lrl) t 7.65 (d 4 1H) ( 7.80 (d f 1H). Anal. 
(C^HscNgOsSoxalate) C, H 1 N. 

l'*[4-[ l-(4-Tolylsulf onyl)-lff-indol^*yll -1-butyllepiro- 
[isoben2ofuran-l(3H)»4'-piperidlnel Fumarate (14d). To 
a well-stirred mixture of a solution of NaOH (20 g) in water 
(20 mL), a solution of l'44-(lfi-indol^y1)-l-butyljsptro[iiio^ 
benzofuran-HSHi^'-piperidine], 12a (4.3 g, 0.012 mol) in 
dichloromethane (60 mL), and tetrabutylammonium hydrogen 
sulphate (0.8 g), kept at 15 *C, was added dropwise a solution 
of 4-toluenesuifonyl chloride (3.4 g, 0,018 mol) in dichloro-; 
methane (25 ml) during 20 min. The temperature was 
gradually allowed to reach room temperature. Water (100 mLj ; 
was added, and the organic phase was separated and worked: 
up as above. Pure title compound was obtained by column '^nm 
chromatography on silica gel (eluted with 4% tnethylaminei 
in ethyl acetate and heptane 2:3). The fumarate salt crystal-: S3 
lized from ethanol: yield of I4d 2.2 g (29%); mp 202-204 °C; 3g 
m NMR (DMSO-tfe) d 1.55-1-75 (m, 6H), 2.10 (dt, 2H), 2.30 
(s, SKh £50-2.75 (m, 6H), 3.00 (broad d, 2H), 5.00 (s, 2H),' /# 
6-60 (s, m\ 7.20-7.40 (m. 8H), 7,60 (d, 2H), 7.80 (d, 2H), 7.90 K 
(d t 1H). AnaL (CaiH«N^^fumarate) C, H, N. 4 

l'-[4-(l-BenzyMH-indol-3-yl)-l-butyllspircilisobenzo- \ 
fursn-l(3H),4'-piperidjne] Oxalate (14e>. A solution of 
4-(li^indol-3-yiK-butanol, 8a (5 g, 0.027 mol) in dry DMR^| 
(50 mL) was cooled to 10 "C. Potassium fert-butoxide (6.1 g,^f % 
0.054 mo!) was added in small portions during 5 min, A 
solution of benzyl bromide (9,2 g, 0.054 mol) in dry DMF (10 
mL) was added dropwise during 15 min. The temperature was : :p! 
raised to room' temperature, and the mixture was stirred .fofc' 
an additional hour. Ethyl acetate (100 mL) and water (30O g# 
mL) were added. The organic phase was worked up 
previously: yield of crude 4F(l-ben^I-Lff-mdc4^ylH-biitaiiol^^^ 
10.9 gas an quite impure oil. It was not possible completely 
to distinguish the NMR signals of the butanol derivativ^:frpmL;^p 
this mixture. All of the impure butanol derivative wa|; : pi| : 
converted into the O-methanesulfonate ester using the sami'^^S^ 
procedure as described for the synthesis of compound 11a: * 
yield 5.7 g (59%) as an oil; J H NMR (CDCla) 6 1.65-1.90 (ni|S||^ 
4H), 2.80 (t, 2H). 2,90 fe, 3H), 4.20 ft 2H), 5.20 (s. 2H), 6.65- » w 
(s r IHX 7X5-7.40 (m, 8H3 7,60 (d, 1H). A mixture of ,the 
methanesuifonate ester (5.7 g, 0.016 mol), spiro[tBobeTOofurm^,ji^ 
l(3Jf),4 # -piperidme] (2,2 g, 0.012 mol), potassium carbbna^ 
(1,7 & 0.012 mol), and a KL crystal was heated at 'reS^f 
temperature in MIBK (75 mL) for 16 h. After eoolingj£ 
inorganic ealts were Gltered off, and MIBK was evapomt^^ ^ 
in vacuo. The remaining crude product was purified by column;gp> 
chromatography on silica gel (eluted with 4% triethylamin^l ^ 
in ethyl acetate and heptane, 1;1); yield 3.4 g (63%) as anljffil 
The oxalate salt crystallised from acetone: rap 167 !C;j|HS 
NMR (DMSO^e) 6 1.60-1.85 (m, 6H), 2.20 (dt, 2H), Mffl^ 
2H), 3.00-3.20 (m, 4H), 3.40 (broad d, 2H), 5.00 (s, 2H), M5j| 
(s, 2H), 7.00-7.10 (m, 2H), 7.10-7.35 (m, llH),7.40(d, ;aq|j 
7.55 (d, 1H). Anal (C^H^Chixalate) C, H, : ^MM 

r-I^CI^Bluorophenyl^lH^ndol^yUa^utyllai^M 
(isobenzofuran'l(3H),4'-piperidinel Fumarate <140|!%| 
mixture of the methanesuifonate ester (80 g, 0.22 mol) og^Cfgi; 
(4-fluorophenyl)-lff-indol-3-yiJ-l'butanol, 10a, preparM|^ 
above in the synthesis of compound 1 la, apirolisobettz *^ _ 
l(3ff),4'-piperidine] (50 & 0.26 mol), and potassium carboMfe^ 
(50 g f 0^6 mol) was heated at reflux temperature in 
(900 mL) for 16 h. After cooling, inorganic salts were fg^MI^ 
off, and MIBK was evaporated in vacuo. The crufe^^l 
compound was- purified by column chromatography on|s||^^ 
gel (eluted with 4% triethylamioe in ethyl acetate &nd h|^^"^ 
2:3). The fumarate salt crystallized from ethanol: yield^l; 
97 g (77%); mp 193 "C; *H NMR (PMSOnde) 5 1.657rl$g$ 
6H3, 2.15 (dt, 2H), 2.75 (dt, 2H), 2-80 (broad s, 4H), S.i5LCht*P* 
d, 2H), 4.95 (s, 2H>, 6.55 (s, 2H), 7.10-7.60 (m, 13H):«|^| 
(Cs6HaiFN 3 0*fumarate) C, H, N. vrf!^^S| 

Iq ft corresponding way the following l-^ 4 -fl ttoro P]^S^??^^ 
substituted indoles 13 were prepared: ■ ;: '-'^r^^&l 

l^(3~U<4-iauorophenyl)-lJ^^ 
[isob«nzotoan-l(3B)^-piperidinel oxalate (MiJ^SSSS 
192-193 °C (acetone); W NMR (DMSO-cf 6 ) 6 1-8" (b;rta|^a| 
2H> 4 2.00-2.35 (m, 4H), 2,80 (t. 2H), 3.05-3.30 (m.^W^glfE™ 
(broad d s 2H), 5.05 (s, 2H), 7,10-7.60 (m, 13H), Anal^(%fe^| 
' FNsOwcalate) C, K, N. ' k^^ 3 ^ 
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r-[2-[l-<4-Pluorophenyl)-lH-indo]-3*ylJ-l<ethylJspi 
[isobenzofuran-l(3i^,4'-piperioUne] oxalate (14h): 
204-205 *C (acetone); l H NMK CDMSO-if*) 6 1.85 (broad d, 
2H), 2.35 (dt, 2H> t 3,10-3.35 <m, 4H), 3.40 (t, 2H> 3.50 (broad 
d, 2H), 5.05 (s, 2H\ 7.10-7,60 (m, 11H). 7,75 (d, 1H). Anal. 
(CssIisrFNaOoxalate) C, H, N, 

I'.j[fl.(4.FI«arophesyl)-lir*itidoi.3.yl]m0thylJspiro- 
(isobenzofuraii4(aflr),4'-pipeHdIft^J ISSFumaraU (14i). 
A mixture of l/f-indole-3-carboxaldehyde {9 g, 0.062 mol), 
4~uuQroiodobenzene (27 g T 0.12 mol> t potassium carbonate (10 
g> 0.072 mol) p Cul (4 g\ and £nO (2 g) was heated in NMP 
(100 mL> at 160 °C for 20 h After cooling, diluted aqueous 
NH*OH (500 mL) and diethyl ether (200 mL) were addled. The 
organic phase was separated and worked up according to the 
standard procedure: yield of M4^fluorophGttyl>-lr7-indole-3- 
carboxaldehyde 7.5 g (51%); mp 126-123 *C Cdtisopropyl 
ether* l H NMR (CBCt,) o 7.25 <t, 2H) t 7,30-7.45 Cm, 3H), 7.60 
(dd, 2H>, 7.85 (s, 1H), 8.35-8.45 Cm, 1H), lCU0{s, 1H), Tea 
mixture of the indolecarboxaJdehyde (3.0 g, 0.013 mol), spiro- 
tisol^nzofuran-liS^^^piperidineJ (1,6 g t O.00S4 mol), and 
sodium cyanoborohydride (4,0 g> 0.064 mol) in dry methanol 
(16 mL) was added molecular sieve powder (3 A) (5 g). After 
the mixture was stirred for 16 h at room temperature, water 
(200 niL) and ethyi acetate (100 mL) were added. The organic 
phase was separated and worked up according to the standard 
procedure. The crude title product was purified by column 
chromatography on silica gel (eluted with 4% triethylamine 
m ethyl Acetate and heptane, 1:1). Hie fumarate salt crystal- 
lized from ethanol; jield of 14i 1,3 g {2$%}; mp 243-244 a C- 
m NMK (DMSO-de) 6 1.70 (broad d, 2H), 2.10 (dt, 2H), 2 70 
& 2H), 340 (broad d, 2H), 4.05 (s, 2H), 4.95 2H), 6.60 (a 
8.5H), 7*15-7.25 (m, 6H) t 7.40 (U 2H), 7.45 (d, 1H), 7,60-7.70 
:m, 3H). 7.90 (d, 1H). Anal fumarate) C, 

1 M4-[ Ha-Thieny 0-1 J/~i n dol-3-yl M-bu ty l]sptro[ iso- 
t>eo2ofurari-l(3r7),4^piperidirie] Fumarate (14J). A mix- 

H^ndine]. 12a (3.0 a 0.0083 mol), S-bromotMophene (3.8 & 
),023 mol), potassium carbonate (L6 g, 0.012 mot), Cul (0.5 
J), and ZnO (0.2 g) in NMP (40 mL) was heated at 160 °C for 
r b. Inorganic salts were filtered off, and ethyl acetate (200 
nL) and diluted aqueous NH4OH (500 mL) were added. The 
organic phase was separated and worked up according 1 to the 
itandard procedure. Column chromatography on silica gel 
eluted with 4% triethylamine in ethyl acetate and heptane, 
L:l) provided the pure title compound, liie fumarate salt 
jystallizedirom ethanol; yield of I4j l.lg<24%); mp 133*C; 
H miR(DMSO^ 6 1,60-1.80 (m, 6H), 2,0S (dt, 2H), 2.55- 
\m (m, 6H) X 3.05 (broad d, 2H), 6.00 [s, 2H), 6.60 & 2r& 
Up-7.30 (m, 7H>, 7,50 <d, 1H), 7.50 fe, 1H), 7.55-7 65 (ro 
jH), 7.75-7.80 (m t lH). Anal. ((k^^aO^fumarate) C, H, 

■ In a corresponding way the following 1-heteroaryl-substi- 
Mted indoles 14 were prepared* 

P'-Ml*(2.Thienyt}-l^mdo^3-yIl-14mtyl]spiro[i$o^ 
tenzorumn-l(3f7) ( 4'-pipcridme] oxalate <14k); mp 198- 
P *C (acetone); l H NMR (DMSO^e) $ 1.70-1.90 Cm, 6H), 
m m 2llh 2.60 Ct* 2H), 3.00-3,20 (m, 4fD, 3.50 (broad d, 
m 5 05 (s 2H) r 7.10»7.35(m,3H), 7.45 (d, !H>, 7,45 (s t lH). 
p (d, 1H), 7.65 (d, 1H). Anal. (OaalWvI^OS^xalate) C, H, 

!lM44l-(2^faiazolyl)-lH-iii^ol^^l]-i.butyUHpOT 
emofuran-l(aff) J 4'*piperidine] fumarate (141): mp 165™ 
67 e C (ethanol); »H NMR (DMSO^ a 1.55-1.65 (m, 6H), 
M (dt> 2H] i Z 55-2.65 (m, 4H), 2.75 (t, 2H), 2.05 (bitmd d, 
Bh 9 ^ 6 55 (S « 2R) > 7 ^-7,30 (m, 5H), 7.40 <t, lH) f 
^5 (d, lH) t 7.60-7.70 (m, 3H) ( 8.25 (d, 1H), Anal. (C^HasN^ 
fumarate) C, H, N. 

l'-r4-Cl-(4-PyHclyl) ^-indol-3*yll-l-butyi}spiro[iso- 
enzofuran-l(3£n f 4'-p|peridmel dioxalate (I4m): mp 
?7"1^ a 0 (acetone); *H M (DMSO^) <5 1.70-1.90 (m f 
J), 2.25 (broad t, 2H), 2.S0 (t, 2H), 3.10-3.30 (m, 4H), 3.50 
^ad d, 2H) t 5.05 ( $ , 2H), 7.15-7.35 <m, 6H), 7.65-7.75 (m, 

H N 5 W ' 1H>? 5 ' 65 W ' 2H) ' AlUlL ^^N^ 03 ^ 13 ^) 

WFluorophe^l>^[^[3-(4-fluor0pheii>^^ 
.2.1)oct.2-en-S.yU-l-butyl3*lff-iiidole (ISaX A mixture 
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of the methanesulfonate ester (6.0 g, 0.016 mot) of 4-L144- 
fluorophenylM#-indol-3-yll-l-but3nal, 10a, prepared as de* 
scribed in the synthesis of compound 11a, 3-(4-f!uorophenyl)* 
8-a2abicyclol3 2.1]oc^ene (4.0 g, 0.020 mol), and potassium 
carbonate (10 g, 0.036 mol) wa$ heated at reflux temperature 
in MIBK (80 mL) for 16 K After cooling, inorganic salts were 
filtered off, and MIBK was evaporated in vacuo. The remain- 
ing.produci was purified by column chromatography on silica 
gel (eluted with 4% triethylamine in ethyl acetate and heptane, 
2:3). The pure title compound crystallized from diisopropyl 
ether: yield of 35a 1,9 g (25%); mp 74 °C; >H NMR (CDCU 6 
0.65-2,20 (m, 9H), 2.55 (t, 2H) f 2,75-2.80 (m, lH), 2.80 (t, 
2rT>, 3.45 (q, 2H), 6.20 (d, 1H), 6^90 (t, 2H). 7,00 (s t 1H), 7.10- 
7.20 (m, 4H), 7.25-7.35 (m t 2H), 7.35-7-45 fm, 3H), 7,60 (d 
1H). Anal. (CaiHaoFaNs) C ( H r N, 

Pharmacological Test Methods, Animals for Binding 
Male Wistar rats (MolrWist, SPF, 170-270 g) were used. We 
have recently described the handling procedqees in detail. 55 
Animals for Behavior. Male Wistar WD rate (Charles 
River, Germany, 200-250 g) were used. 

Calculations. ED W values were calculated by log^probit 
analyses. IC50 values were estimated from concentration- 
effect curves u&ing a log-concentration scale. Details are 
available from the references cited in the description of specific 
test methods below. 

Black/White Box Exploration Test. This test model is 
a modified version of the model reported by Colpaert et al** 
Our modifictions have recently been described in detail.^ The 
cf ligands were administer^ subcutaneously 2 h before the 
test session or as indicated in this paper. 

Binding a Binding Sites In Vitro. p\ Site* Affinity of 
test compounds to o t binding sites was estimated by their 
ability to displace PHK-H-pentazocfoe from rat brain homo- 
genates minus cerebellum, as described by DeHaven-Hudkins 
et al, 41 

tffc Site* Affinity of test compounds to a? binding sites was 
estimated by their ability to displace [ 3 HJ-l,3-di(2-toiylK 
guanidine (DTG) from rat brain homogenates minus cerebel- 
lum, as described by Sonesson et al w 

Receptor Binding in Vitro. DA D 2 Receptors, ASinity 
of test compounds to dopamine I>a receptors was estimated 
by their ability to displace PHtepiperone from rat striatal 
membranes, as described by Hyttel." 1 * 

S-HTza Receptors, Affinity of test compounds to serotonin 
5-HTaA receptors was estimated by their ability to displace (flj- 
ketanserro, from rat cortical membranes, as described by 
Hyttel. 42 

5-HTiA Receptors. AlBnity of test compounds to serotonin 
5-HTi A receptors was estimated by their ability to displace 
PHJ-8-OH-DPAT from whole rat brain membranes minus 
cerebellum, as described by Hyttel et al* 3 

cii Adrenoceptors* AMnity of test compounds to cti 
adrenoceptors was estimated by their ability to displace PHI- 
prazosin from whole rat brain membranes, as described by 
Skarsfeldt and Hyttel." 
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